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Editorials 


NFPA 


NEW record of per- 
Standards 


formance in the pro- 
duction of NFPA standards 
was set in our off:ce recently. In the 
wecks following the close of the annual 
meeting on June 5, 1959, 61 new stand- 
ards were published in separate pam- 
phlet form. These standards run to a 
total of 2580 pages. Many thousands 
of copies will te mailed out during the 
year to a wide variety of members and 
others concerned with various aspects 
of fire protection and fire prevention 
throughout the world. 


The listing of the titles of these 61 
new standards which follows presents 
a very interesting picture of the current 
scope and diversity of the work of our 
technical committees and gives a fairly 
good idea of the remarkable contribu- 
tions made by these committees year 
after year. 


Aircraft Breathing Oxygen System Maintenance 
Operations 

Aircraft Electrical System Maintenance Operations 

Aircraft Fuel Tank Repair Oferations 

Aircraft Fueling on the Ground 

Aircraft Rescue and Fire Fighting Services for 
Airports and Heliports 

Aircraft Rescue and Fire Fighting Vehicles Utiliz- 
ing Foam, Test Procedures for 

Airport Fixed Fueling Systems 

Aluminum Bronze Powder 

Aluminum Processing and Finishing 

Blower and Exhaust Systems 

Building Construction and Materials, Fire Tests of 

Building Exits Code 

Central Station Protective Signaling Systems 

Centrifugal Fire Pumps 

Coal Preparation Plants 

Combustion Engines and Gas Turbines 

Community Dumps 

Confectionery Manufacturing Plants 

Controlling Fire Emergencies, Management Guide 
tor 

Country Grain Elevators 

Dip Tanks 

Explosives and Blasting Agents, Code for 

Fire Department Ladders 

Fire Doors and Windows 


Fire Hose Couplings, Use of 

Flammable Anesthetics, Use of 

Flammable Liquids Code 

Flammable Liquids on Farms, Storage of 

Flour and Feed Mills 

Foam Extinguishing Systems 

Gas Appliances and Gas Piping, Installation of 

Lightning, Code for Protection Against 

Liquefied Petroleum Gases 

Magnesium, Storage and Handling of 

Magnesium Powder or Dust 

Motor Craft, Fire Protection for 

Motor Freight Terminals 

National Electrical Code 

Oil Burning Equipment, Installation of 

Outside Protection 

Plastics Industry, Prevention of Dust Explosions in 

Portable Fire Extinguishers 

Portable Pumping Units for Fire Department 
Service 

Proprietary Signaling Systems 

Pulverized Fuel Systems 

Restaurant Cooking Equipment, Ventilation of 

Solvent Extraction Plants 

Spice Grinding Plants 

Spray Finishing 

Starch Factories 

Sugar and Cocoa, Pulverizing Systems for 

Sulfur Dust Explosions, Prevention of 

Tank Vehicles for Flammable Liquids 

Terminal Grain Elevators 

Titanium 

Transit Operations 

Water Cooling Towers 

Wood Flour Manufacturing 

Woodworking Plants 

Underground Tanks Containing Flammable Ligq- 
uids, Leakage from 

Zirconium 


There are presently a total of some 
170 technical standards developed by 
NFPA Committees. Our 1958 edition 
of the National Fire Codes, published 
during the fall of 1958, included 169 
technical standards.. These Codes were 
published in six volumes totaling 4,824 
pages. Occasionally an NFPA member 
will question the necessity and desira- 
bility of our issuing the National Fire 
Codes annually, but when it is realized 
that the 1959 National Fire Codes will 
include more than 2,500 new pages 
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affecting 61 of the more than 170 stand- 
ards, it is readily seen that any other 
procedure would fail to provide com- 
plete and up-to-date material. Mem- 
bers and others working with fire codes 
and standards want to be sure that they 
have at hand at all times the complete, 
up-to-date information and the only 
way they can be certain of this is to 
have the National Fire Codes produced 
on an annual basis. 


Australian R. G. GORDON 
and RUSSELL, Chair- 
New Zealand man of the Board of 
Sprinkler Wormald Brothers In- 
Records 


dustries Limited, Syd- 
ney, Australia reported 
on the Australian and New Zealand 
sprinkler performance records at the 
1959 NFPA Annual Meeting. The sta- 
tistics cover the period 1886 to 1958 and 
are based on a total of 2,861 fires in 
properties protected by wet pipe auto- 
matic sprinkler systems. 

Satisfactory extinguishment or con- 
trol was achieved in 99.83 percent of the 
fires! This compares with the U. S. 
record of 96.2 percent. Unsatisfactory 
operation, including ome caused by 
enemy action during wartime, occurred 
in only 5 cases (0.17 percent!). This 
compares with the U. S. experience 
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showing 3.8 percent unsatisfactory 
sprinkler performance. Data on the 
number of sprinklers operating “down 
under’’ indicates: 


No. of 
Fires Percentage 
Fires involving 1 sprinkler.. 1914 66.90 
Fires involving 2 sprinklers 
PNA ote pore act ain eg5,6-00 2377 83.08 
Fires involving 3 sprinklers 
REMMI occ c3ctcr ctor aan patie Ge 2538 88.71 
Fires involving 4 sprinklers 
OPUS. 5 x 5:3:.,. Rmsavecy tenis 2641 92.31 
Fires involving 5 sprinklers 
ORME Si ction ace Geet « 2677 93.59 
Fires involving 10 sprinklers 
co OY ap ee year 2785 97.34 
Fires involving over 10 sprin- 
klers... 76 2.66 


Again, these records are somewhat bet- 
ter than inthe U.S. (See the April 1955 
Quarterly, pages 408 to 423.) No loss 
claim was made on the insurance com- 
panies in 46.73 percent of the 2,861 fires! 


Mr. Russell credits the greater per- 
centage of fires extinguished by a 
smaller number of sprinklers to the fact 
that for over 50 years all sprinkler in- 
stallations have been connected to the 
fire brigade and that almost all installa- 
tions in large areas have been tested 
weekly. These practices eliminate trou- 
ble with structural extensions and 
occupancy changes and assure that help 
is available quickly from the trained 
brigades to keep the number of sprin- 
klers operating to a minimum. 


All concerned, please copy. 


Informal Report on Los Angeles 


Open Stairway School Fire Tests 
By Raymond M. Hill 


Fire Marshal, Los Angeles Fire Department 


Associate Member, Society of Fire Protection Engineers 


The Los Angeles School Building Fire 
Tests are so recent that even as this re- 
port is being written two tests are being 
run. The reason for these tests is to 
find possible alternate means of solving 
fire safety problems in schools primarily 
from the life safety viewpoint. There 
are four principal participating agen- 
cies. One is the Los Angeles Board of 
Education. It gave us the use of the 
building to burn and the ground on 
which it stands. The Educational 
Facilities Laboratories, Inc., a Ford 
Foundation affiliate, is a participating 


Based on an extemporaneous report by the 
author presented at the Final General Session of 
the 63d NFPA Annual Meeting held June 1-5, 1959 
in Atlantic City, New Jersey. 


agency. It gave $25,000. The Cali- 
fornia State Fire Marshal’s Office is a 
participant. This office has the primary 
responsibility for safety in all life hazard 
occupancies within the State and thus 
has a vital interest in what we are 
doing. Lastly, the Los Angeles Fire 
Department, which has the same re- 
sponsibility in our city that the State 
Fire Marshal has throughout the State, 
is actively participating and is doing 
the actual test work. 

Two different types of tests are being 
conducted. One is concerned with pro- 
viding life-safety features in existing 
buildings and developing recommenda- 
tions for schools not yet built. Another 
entirely separate series of tests is being 





The main entrance of the school building used in the Los Angeles open stairway school 


fire tests. 


7 


Built in 1925 it will be torn down because of settling. 





QUARTERLY OF THE NFPA — JULY 1959 








An exterior view of the three-story, 64 by 95 foot section of the school used for the tests. 
Exterior walls were brick and the framing concrete. 


conducted on fire fighting problems, 
such as the reactions of firemen while 
using various types of breathing appara- 
tus. The latter tests are under the com- 
mand of another chief officer in our 
department and this report concerns 
only the life-safety tests. 


About the middle of March we had a 
two-day preliminary discussion to or- 
ganize and plan the test procedures. 
This meeting was attended by repre- 
sentatives from the University of Cali- 
fornia, Underwriters’ Laboratories, 


Inc., Factory Mutual Laboratories, the 
State Fire Marshal’s office, instrument 
manufacturers, the sprinkler industry 
and the Los Angeles Fire Department. 
In addition to the $25,000 grant from 
the Educational Facilities Laboratories, 





we received many contributions in ma- 


terials and time that would be almost 
impossible to evaluate. A very rough 
estimate is that a total of about $100,0CO 
in time and materials has been donated. 
The local members of the National 
Automatic Sprinkler and Fire Control 
Association have installed sprinkler 
equipment in the test building as re- 
quested and will take it out when we 
are through. The American District 
Telegraph Company has installed smoke 
detectors, meters for measuring smoke 
density, and other apparatus. The lum- 


ber people have given lumber for build- 


ing walls and partitions. Minneapolis- 
Honeywell installed the recording 
instruments. The various roof vent 


manufacturers in Los Angeles organized 
an association to help us. The Insulat- 
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ion Board Institute contributed mate- 
rial. The Gypsum Association did like- 


wise and the local Lathing Institute 
members installed the necessary walls. 


The Test Building and Test Fires 


The school building we used is not an 
old ramshackle building about to fall 
down. It was erected in 1925 and has 
brick exterior bearing walls, concrete 
framing, a wood roof and wood floors 
in classrooms. Unfortunately it was 
built on filled ground. In recent years 
the cost of repairing wall cracks caused 
by the settling of the structure has been 
such that the School Board felt it should 
be destroyed. Buildings have been torn 
down progressively in the area and new 
buildings erected. This is the last build- 
ing to be destroyed. It was used until 
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January of this year for classroom pur- 
poses. I was in the first class to enter 
this school in February 1926 which puts 
me in the unique position of being one 
of the few people who legally can at- 
tempt to burn down his alma mater. 


After looking the building over very 
carefully, we selected a 95-foot-long 
section of the three-story building for 
the fire tests and on one end installed 
partitions to cut off hallways from the 
rest of the building. For our fire tests, 
in effect, then, we had a three-story 
school building, 64 by 95 feet. It had a 
small basement, two open stairways and 
an outside fire escape. 


Up until May 27, 1959, fifty-nine fire 


tests had been conducted in this build- 
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Cross section through the three-story building showing construction details. 
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View of another side of the building section used for tests. 


with the windows open, as shown above, developed untenable smoke conditions more 
quickly than when they were closed. 
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Fires run in the building 
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Transverse section showing stairshaft in which most fires were started. 
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The instrument panel contributed by American District Telegraph (ADT) to record opera- 
tion of smoke density equipment and the rate-of-rise fire detection system installed in some 
of the test fires. 


ing. Five of these were designed to 
determine the best type of test fire to 
be used. Slatted wood pallets were ulti- 
mately selected as the fuel. Most of the 


test fires were in 1,400 pounds of stacked 


pallets. We tried natural gas to give us 
the heat we wanted and burned some 
diesel oil to produce the smoke condi- 
tions desired. This type of fuel turned 
out to be desirable only from one point 
of view since it eliminated the clean-up 


problem following each test. A wood 
fire took quite a bit of time to clean up 
after each test as the charred materials 
and ash had to be removed. The wood 
pallets gave us higher temperatures 
when they were allowed to burn un- 
checked and provided easily reproduci- 
ble fires for the number of tests con- 
ducted. 


Thirty-eight of the fires so far con- 
ducted were the result of burning piles 
of pallets at the base of the stair shaft in 
the basement. This meant that we had 


three full floors above the fire on which 


we could observe temperature changes 
and smoke conditions. Eleven of the 
test fires were from piles of pallets built 
in classrooms and five were started simi- 
larly in the corridors. The other tests 


have been run since I left the city to 
give this report. 
We have already completed a shoot- 


ing schedule for a school safety film 
designed to explain the facts about 


school fire safety for PTA _ groups, 
teacher groups, and school administra- 
tors. Photographs, both still and mo- 
tion, are also being taken to supplement 
the final technical report which will be 
written when the tests are completed. 
A definite possibility is the construc- 
tion of a furnace on Fire Department 
property to be used, not as a test furnace 
for commercial testing, but for research 
on methods of increasing the fire resist- 
ance of doors and transom assemblies. 
It will be designed to test doors up to 
7 feet by 7 feet in size. 
Setting Up Test Criteria 
One basic problem was to determine 


what would happen in this building if 
nothing was done to provide protection. 
Five of the test fires were used to estab- 





recorders for 


LAFD personnel 
thermocouples located in the test area. 


checking 
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Note: (7) Indicates transoms except those over doors. 
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SECOND FLOOR PLAN 


Floor plans of first and second floors. Third floor layout similar to second. 
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Segregating partitions were erected in the corridors (see floor plans at left) with wired 


glass panels to permit observation of the fire and smoke behavior. 


lish this criterion. These tests could 
not be run first, as would seem logical, 
since we did not know how much dam- 
age such uncontrolled fires might do to 
the building. We did not want to dam- 
age the building extensively, at least 
until all the other test fires had been 
completed. Thus, the early tests were 
under controlled conditions. While 
this presented a problem since it compli- 
cated interpretation of the early data 
obtained, by running the fires later com- 
parative data could be assembled. Of 
these five ‘‘base’’ fires, two were started 
in the basement and three in classrooms. 


The building was considered unten- 
able due to smoke when a medium 
smoke density condition existed. Fire- 
men were used to judge this factor with 
two observers on each floor. These 
men, equipped with watches and data 


Note manometer. 


sheets, made observations as to when 
they first observed smoke, when it was 
light, medium or heavy at the ceiling 
level and at the five foot level, and 
when they thought smoke would make 
the corridors untenable for the average 
teacher or child. As these observers 
were professional firemen they could 
stay in the building longer than could 
those not accustomed to such conditions 
but they tried to estimate what the 
average layman could take. Later on, 
these observations were related to the 
instrument readings and then very 
accurate data were obtainable. 


In the basic test fires originating in 
the basement of this building, smoke 
made the corridors untenable in from 2 
to 3 minutes on the first floor, in about 
4 minutes on the second floor, and from 
414 to 6 minutes on the third floor. 
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This was much faster than we thought 
it would be. In all my experience in 
fighting fires I had, of course, learned 
that if we could not arrive in the first 
few minutes, at most fires, when we 
did get there the building would be 
pretty badly loaded with smoke, but I 
personally thought untenable smoke 
conditions would develop much more 
slowly in a building of this type than 
these tests indicated. 

We picked a temperature of 150°F. as 
being untenable for the average school 
occupant. Some experts felt that a 
higher temperature could be selected, 
for certainly humans can stand greater 
heat for short periods. We felt, how- 
ever, that since the school population 
consists principally of women teachers 
and young children, they would find 
150°F. awfully hot! In the basic fire 


tests originating in the basement of the 
building, heat made the floors untenable 
in from 5 to 7 minutes on the first floor, 
from 8 to 11 minutes on the second floor, 
and from 8 to 11 minutes on the third 
floor. We reached maximum tempera- 
tures on these floors in about 15 to 16 
minutes. The maximum temperature 
obtained at the five foot level on the 
first floor was 600°F; on the second 
floor 300°; on the third floor 245°. 


A fireman working in a burning build- 
ing can deal with heat by hugging the 
floor or getting down on the floor and 
crawling. Children getting out of 
school could do this but it would cer- 
tainly slow down the evacuation and it 
seems more logical to adopt a criterion 
for planning that the occupants should 
walk out in their normal standing 
positions. 





Pallets like these were used for fuel in each test fire. 
stairshaft at the basement level (stairs in foreground). 


In this case pallets were in the 
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In an effort to control fire and smoke conditions in the building, vents were erected over 
the shafts. The removable panels permitted varying the vent area up to 63 square feet. 
These vents were judged ineffective. 


The basic tests with the fires started 
in the basement showed that smoke 
would make the corridors untenable in 
from 2 to 6 minutes and heat would 
render conditions impossible within 5 
to 1l minutes. The story was not much 
different when the test fires were started 
infthe classrooms. In the room fires, 
two of the four transoms between the 
room and the corridors were left open; 
the plain glass in the closed transoms 
usually cracked sometime during the 
fire. The wood flooring did not burn 
sufficiently to contribute significant fuel 
to the test fires. The smoke spread into 
the corridors in these fires a bit faster 
than was the case with a freely burning 
fire at the bottom of the staircase. This 
meant that untenable conditions were 
reached somewhat faster. With some 
doors and windows of the building 
open, as in summer, untenable condi- 
tions were reached more quickly than 
when these were closed, as in winter. 
This held true wherever the test fires 
originated. 


Testing Stairshaft Roof Vents 

One of the first series of tests was de- 
signed to check the effect of putting 
automatic ventilators at roof level on 
each stairshaft. The vents were tested 
two ways. One method, which we 
called *‘slow operation,’’ simulated the 
use of fusible links on the vents at the 
ceiling level on the top floor. The 
operation of the vents by this method 
did practically no good whatsoever in 
comparison with the basic fire test re- 
sults. We then tried a ‘‘fast operation.” 
In these cases, the vent was manually 
opened when the automatic detection 
system installed in the stairshaft over 
the fire gave an alarm. With either sys- 
tem smoke untenability was reached in 
from 3 to 7 minutes in the corridors and 
shafts, just one minute later than the 
worst condition with no vents at all. 
More alarming, the untenable heat con- 
dition was reached much sooner! Obvi- 
ously, what was happening was that by 
placing a draft on the fire, it built up 
faster. In some cases the heat untena- 
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bility occurred in less time than the 
smoke untenability. 


The same observers were used to check 
conditions on each test so that there 
was no difficulty in having varied re- 
sults from different persons. A _ bell 
system was employed to tell the ob- 
servers on each floor when the vents 
were opened so that they could make 
related time observations on their data 
sheets. When the vents operated, the 
men standing at the corridor openings 
from the stairshafts had to move very 
rapidly, if not leave the floor, because 
the sudden arrival of heat and smoke 
would drive them away. The observers 
crouched down lower and lower as it 
got hotter and hotter. One observer 
thought he would find out if he could 
rise up and get out faster; he raised his 
hand above his head to test conditions 
and scorched the hair off the back of 
his hand! As they reached the exit 
doors the natural tendency of observers 
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was to rise up; several had the hair 
burned off the backs of their necks. As 
one observer left his floor during these 
vent tests, he tried to use his data 
sheets to protect his neck as he raised 
himself to go through the door with the 
result that the heat burned off the top 
of the data sheets! 


Draft Curtains and Vents 


Since the stairshaft vents did not 
work so well, we decided to install 
draft curtains at strategic locations to 
see if these would help solve the prob- 
lem. The ceilings were approximately 
12 feet high, so we built the draft cur- 
tains down a distance of five feet from 
the ceiling in the corridors and at the 
stairshaft openings. The curtains did 
little to improve conditions. The smoke 
paid little attention to the curtains and 
spread almost as fast as without the 
curtains. Smoke untenability occurred 
within 3 to 7 minutes with the draft 





A typical 5-foot-deep draft curtain installed in the first floor corridor. 
hanging at left houses one of the thermocouples, shielding it from sprinkler discharge. 


The shiny object 


SD OD et ODO MOS 


© 


oa OD 7 


OPEN STAIRWAY SCHOOL FIRE TESTS 17 





A draft curtain at a stairshaft opening. Smoke largely ignored these curtains and they 
did not help make the shaft vents work effectively. 


curtains installed and heat untenability 
within 4 to 11 minutes at the various 
locations checked. This indicates that 
they made very little difference. 


When draft curtains were installed 
in the center of the corridor midway 
between the stairways, and the doors 
at the end of the first floor corridor lead- 
ing outside were open at the end of the 
building away from the stairshaft where 
the fire started, conditions were im- 
proved at that end of the building be- 
cause in this case fresh air was being let 


in. However, it was too hot in the cor- 
ridors to assure safe evacuation. 


The roof vents did eventually pull 
smoke out of the building. When this 
occurred, temperatures at the five foot 
level were usually 120°F. on the first 
floor, 290° on the second floor, and 215° 
on the third floor. You could watch 
the action through glass observation 
panels installed in the partition wall 
erected to separate from the rest of the 
building the portion being used for the 
fire test. As the smoke would clear 
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away and you looked at the tempera- 
ture recording chart, you knew the 
building was still untenable for fire- 
men, let alone women and children. 
The vents in use during this observa- 
tion were from 42 to 63 square feet in 
size; under 42 square feet no effective 
venting resulted. 


It was very odd to watch the smoke 
drift-patterns during the course of the 
fires. You could stand in the corridors 
and see the smoke drift up the stairway. 
Then you would notice the smoke 
would get more dense. You would turn 
and look at the other end and see smoke 
coming down the other stairway! You 
couldn’t predict what it was going to 
do even with the draft curtains which 
were supposed to restrict and direct the 
path of smoke. 


The only effective action performed 
by the draft curtains was when they 
were installed about midway down the 
length of the corridors, then, tempera- 
tures on the side of the curtain, away 
from the shaft where the fire was built, 
remained bearable for a longer period of 
time than was otherwise the case. 
Even then it still was too smoky to take 
for a very long time. 


Tests with Sprinklers 


We tested both partial sprinkler pro- 
tection (e.g., coverage of only part of 
the fire test structure) and simulated 
complete coverage with sprinklers in 
the corridors, shafts and locations where 
the fires were built. The most impor- 
tant observation was that with partial 
sprinklers (no sprinkler over the fire), 
the smoke made the entire building un- 
tenable before the first sprinkler opened. 
Even with no sprinklers over the fire, 
the temperatures were held quite low 
in the areas where the sprinklers were 
located (e.g., the corridors) but none 
of the firemen could stay in these areas 
because while the temperature readings 


were relatively low (compared with the 
temperatures in unsprinklered areas) a 
moist heat condition existed which was 
most uncomfortable. When the sprin- 
klers popped, the men left the floor not 
because they were getting wet, but be- 
cause the sprinklers drove the hot air 
down and a lot of steam developed. 
Visibility was absolutely zero. Bear in 
mind that this was with zo sprinkler 
operating on the seat of the fire. 


We then tried partial automatic 
sprinkler protection along with the 
roof vents. Different partial sprinkler 
coverages were used: sprinklers in cor- 
ridors only, sprinklers in corridors and 
at the openings to the stairshafts, sprin- 
klers at openings to the stairshafts and 
in the stairshafts. The worst condition 
was with sprinklers in the stairshafts 
(except over the fire) because no smoke 
or heat could be vented under this con- 
dition. With temperatures being kept 
down by the operation of the sprinklers, 
no venting action occurred and lots of 
steam developed which likewise was 
not vented. Actually, as mentioned 
previously, the smoke made all floors 
untenable before the first head operated. 


With partial automatic sprinkler pro- 
tection (none over the fire), open vents 
and draft curtains, the results were the 
same. The smoke made all floors un- 
tenable before the first head operated. 


Only when we had complete auto- 
matic sprinkler coverage with a sprin- 
kler working directly on the fire were 
temperatures and smoke kept at a rea- 
sonable level. 


In some cases where complete auto- 
matic sprinkler protection was simu- 
lated, we deliberately ‘‘screened’’ the 
fire from direct sprinkler discharge. 
Actually the way the slatted pallets 
were built, uniform wetting by sprin- 
klers was very difficult at best; the stack- 
ing of the pallets covered up the slatted 
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openings and since the fires were initi- 
ated at the bottom of the stack there 
was no way water could get at the base 
of the fire. Under these conditions, a 
great deal of smoke was generated, but 
these ‘‘screened’’ pallets would be no 
more difficult for sprinklers to extin- 
guish than a fire in a closed cabinet. 
However, smoke conditions were toler- 
able with a slatted-pallet fire when 
sprinklers were operating directly over 
the fire itself. On the test fires that the 
sprinklers could get at they did a very 
excellent job but when the fires were 
‘‘screened’’ so the sprinklers could not 
get at them by any stretch of the imagi- 
nation, the smoke was intolerable al- 
though the temperatures were held 
down very well. When the fire was not 
deliberately ‘‘screened’’ from sprin- 
klers, it was demonstrated that with a 
good fire drill, the building could be 
evacuated before the building became 
untenable. 


Where we had a hot fire in a classroom 
and just a line of sprinklers in the cor- 
ridor outside, the sprinklers held the 
fire to the room of origin. While tem- 
peratures in the corridor never reached 
more than 150° F. at the five foot level, 
untenable smoke conditions were fre- 
quently reached throughout the entire 
building. 





The roof ‘“‘dog house” housing four spray 
nozzles to induce draft at the vents. This did 
not help. 


Induced Draft at Vents 


A suggestion was made to induce a 
draft through the vent with the thought 
that such an arrangement would be a 
possible solution to the problem. We 
built what we called ‘‘the dog house”’ 
on the roof over the vent and mounted 
four high velocity nozzles in it to in- 
duce a high velocity air stream through 
the vent. This only made the fire 
worse; it was much smokier than ever 
before with complete untenability on 
all floors within 1144 to 2 minutes! We 
really got the fire going with this in- 
duced draft arrangement. 





Smoke issuing from the “‘dog house” during one of the tests. 
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A LAFD fire fighter making observations of smoke conditions in one of the corridors. 
Note the smoke curling under the draft curtain. 


Smoke conditions in the same corridor less than two minutes after the condition shown 
in the top photo. (Shiny can contains thermocouple.) 
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Enclosure of Stairshafts 


Obviously one solution to the school 
life-safety problem from fire is complete 
enclosure of stairshafts as is common 
practice in other occupancies. We knew 
this but in our preliminary discussions 
with school authorities, we agreed that 
this approach was not a practical solu- 
tion. A school is somewhat different; 
many other multi-story buildings have 
elevator shafts and these are used for the 
normal travel. No stairway gets as 
much traffic as in a school building. If 
the doors are kept in closed position 
with door self-closers, school adminis- 
trators tell us they have a high incidence 
of personal injuries. Kids just do not 
walk calmly and cautiously between 
classes — so asking that doors be kept 
closed is asking quite a bit. Another 
solution, of course, is to keep the doors 
open and have a fusible link designed to 
close the doors automatically in event 


of a fire condition. However, before 


these devices operate and the door 
closes, smoke conditions will be so bad 
that the structure will be untenable. 
The tests showed that the doors would 
close and when they closed temperatures 
in the balance of the building would be 
held down but the building still was un- 
tenable because of the passage of smoke 
before the operation of the fusible links. 
Corridor Smoke-Barrier Doors 

Corridor smoke-barrier doors were in- 
stalled in the center of the hallways mid- 
way between the two stairways. Vari- 
ous arrangements were tried. When the 
smoke barrier doors were held open and 
operated with fusible links, the corri- 
dors on both sides of the doors became 
so smoky that none could stand the 
punishment. When the doors were kept 
in a closed position with light spring 
tension, they did keep down the smoke 





All but the first four rows of combustible acoustical ceiling tile showing at the top of 
the photo have been coated with a UL listed fire retardant paint. 
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After fire exposure the intumescent paint is “puffed-up” and despite direct flame 
impingement, the fire did not spread on the coated tile. 


and heat on the side away from the fire. 
However, while the fire was building 
up it would blow the door open and 
when the fire was vented, a negative 


pressure occurred which would open 
the door the other way and suck heat 


and smoke the opposite way. 


Combustible Acoustical Tile 


On our very first test fire, when we 
had about 150 observers present, the 
corridor ceilings were covered with com- 
bustible fiberboard acoustical tile. The 
tile took fire, flames flashed down the 
hall and it was necessary to order the 
doors opened and the fire extinguished 
by hose streams before too much dam- 
age to the test building occurred. All 
the tile fell, the thermocouples, the 
ADT detection equipment, and other 
test apparatus was ruined or damaged. 
This caused us to get in touch with the 
Insulation Board Institute to request 





additional supplies of acoustical ceiling 
finish materials which the Institute sup- 
plied and we installed. This permitted 
us to run additional fires with ‘‘slow- 


burning’’* acoustical material on the 
corridor ceilings. 


With this material on the ceiling, 
there was no difference as to the amount 
of smoke or the rise in temperature be- 
fore the time the corridors became un- 
tenable. Smoke made the corridors un- 
tenable within 2 to 4 minutes and tem- 
peratures within 3 to 9 minutes. Dur- 
ing these tests, maximum temperatures 
at the five foot level were 600°F. on the 
first floor, 350° on the second, and 280° 
on the third. This was about what we 
had on the other fires. After about 10 
minutes of fire exposure the ceiling 
acoustical tile began to burn. It burns 
with a gas-like flame; it was like watch- 


*This rating is based on U. S. Federal Specifica- 
tion SS-A-118b which is a government purchase 
specification for Prefabricated Acoustical Units. 
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ing waves washing up on the beach. It 
begins with a blue flame, then turns 
yellow, and then races down the hall- 
way. It represents a hazard because of 
the rapid surface flame spread character- 
istic. Under the conditions of these 


particular tests, however, it did not 
represent too great an additional hazard 
as by the time the ceiling flashed, cor- 
ridor temperatures were 670°F. at nose 
level on the first floor, 355° on the sec- 
ond and 280° on the third floor. Under 
some other conditions, such as a fire 
originating in a concealed space above 
the combustible acoustical tile, the flash 
fire hazard might be more critical from 
a life-safety viewpoint. 

In another test, we reinstalled the 
combustible ceiling tile and coated half 
of its length down the first floor corridor 
with an intumescent fire retardant paint 
listed by the Underwriters’ Laborato- 
ries. In this case, the pile of wood pal- 
lets making up the test fire was set half- 


way up the stairway between the base- 
ment and first floor so that flame from 
the pile would impinge on the coated 
tile on the corridor ceiling. After 12 
minutes of exposure, a blue flame be- 
gan to ‘‘wash”’ over the tile but after a 


while this flame subsided. Tempera- 
tures were 820°F. on the first floor 
when this ‘“‘wash’’ flame was first ob- 
served, 340° on the second, and 240° on 
the third. Thus temperatures were com- 
parable to those obtained when the un- 
treated tile actually burned in the pre- 
vious tests. 

As indicated, the acoustical tile in the 
other half of the corridor was not coated 
with the intumescent paint. A stack of 
pallets was then placed in the corridor 
so that, when ignited, flame would im- 
pinge on the untreated section of the 
tile. Ignition resulted and the flame 
travelled down the corridor and burned 
over the coated tile. Remember, how- 
ever, that the intumescent fire retardant 





Here a stack of pallets (500 pounds rather than the usual 1400 pounds) has been placed 


under the uncoated tile. 


Temperatures reach 1125°F. at the 5-foot level near the test fire. 
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paint had already been subjected to one 
fire and had been puffed up by the first 
fire exposure. In this test, maximum 
temperatures at nose level were about 
1125°F. on the first floor, 285° on the 
second floor and about 240° on the 
third. 

In these tests with acoustical tile on 
the ceiling, the corridor was untenable 
due to smoke in from 2 to 4 minutes in 
one fire, in from 1 to 214 minutes in a 
second and from 11% to 3 minutes in a 
third. Untenable temperatures devel- 
oped at the five-foot level in the cor- 
ridors in from 4 to § minutes and 3 to 9 
minutes. The acoustical tile ignited 
within 10 to 11 minutes. 


Modification of Stairshafts 

In this particular building, the stair- 
ways were so constructed that a person 
could not stand on the top floor and 
drop a sack of water on somebody down 
below. In other words, there was not a 
free opening in the shaft, as would often 
be the case in old school buildings. The 
question was raised whether draft cur- 





To see the effect of a free opening, the stairs 
were cut open as shown. 
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The plain glass in the transoms into the 
classrooms held-up surprisingly well but here 
one pane has been broken. 


tains would work differently if the shaft 
had a free opening such as in old schools. 
A company was called in to knock out 
some of the concrete to simulate a free 
opening. Another series of tests were 
run with vents, vents with draft curtains 
at stairshaft openings, vents with draft 
curtains in the corridors, and other com- 
binations to check for any changes in the 
smoke and temperature behavior. Odd- 
ly enough, smoke made the corridor 
areas untenable just about as quickly as 
in the previous tests. We then gave the 
second stairwell the same treatment to 
check on how this would influence 
smoke travel. One test has been run 
since I left, but from a phone call I have 
learned that it was one of the worst fires 
experienced ! 


Automatic Detection Equipment 


Another interesting result from the 
test data concerns the behavior of the 
automatic rate-of-rise and smoke de- 
tection equipment installed in the test 
building. A pneumatic rate-of-rise 
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In the very first test (mentioned on page 22) the acoustical tile took fire and flashed. 
Fire fighters had to go into action to restrict the damage. 


automatic fire detection system installed 
on the ceiling of the first floor corridor, 
detected the fire in times between 2 and 
5 minutes in 19 out of 25 cases. Some of 
the variance may be explained by the 
rates at which the test fires developed. 
A smoke detector in the stairway of fire 
origin at first floor level operated to give 
the alarm in 2 seconds, 21 seconds and 
the longest was 66 seconds with the 
fires also originating in the basement. 
Note that the operation of the rate-of- 
rise system (no detector over the fire) 
ran just about a tie with smoke untena- 
bility in the building. The smoke de- 
tection alarm would have given occu- 
pants about 114 minutes to evacuate 
before the building became untenable. 


When the fire was built in one of the 
classrooms where there were various 
conditions such as doors open, one or 


more transoms open, and the like, the 
rate-of-rise equipment gave the alarm 
in 2 minutes within the room and in 2 
minutes 40 seconds in the corridor 
while smoke untenability in the cor- 
ridor did not come for about 4 minutes. 


The Test Procedures and Personnel 


I would like to report on how the 
tests were conducted. First of all, it 
should be noted that there was a school 
in session on these same grounds, in 
different buildings, all the time during 
these tests. During the week, the tests 
were run only in the afternoon so as to 
create a minimum amount of disturb- 
ance to the classes that were in session. 
On Saturdays and Sundays, we could 
work all day. The personnel require- 
ments were quite high and I am talking 
strictly from the fire department's stand- 
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One of the classroom wood panel doors 


which burned through during a test fire. Panel 


remaining is wired glass. 


point. We had 11 observers from the 
Fire Prevention Bureau at each fire. 
We had two on each floor, two on the 
roof and the rest at selected places in 
each test. Four men were used as 
carpenters. We kept them busy all day, 
every day fixing pallets, closing up the 
slats in the pallets, putting up and tak- 
ing down the draft curtains, etc. After 
the newspaper publicity, we worried 
that children might think it would be a 
real good idea to burn the building 
down before the fire department could 
finish the tests. It was in a neighbor- 
hood subject to vandalism so we had to 
provide a guard from 7:00 A.M. to 7:00 
P.M. and two men from 7:00 P.M. to 
7:00 A.M. 


Chief J. G. Degenkolb, my assistant, 
conceived the idea of the tests and talked 
the School Board into getting financial 
assistance for conducting the tests. He 
was in charge of the research section 
and data collecting and had a captain 
and four men there every day. Others 
were out hunting wood for our pallet 
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fires. We didn’t have to buy any but it 
was a chore to find people who had old 
pallets. Most of those we approached 
were happy to donate the material but, 
of course, we had a truck busy hauling. 
There were a captain and five men there 
every day to clean up; after every test 
we had a mess to clean up preparatory 
to the next test so we also kept a dump 
truck busy. A standby fire company 
was on duty during each test in case 
things got out of control. In round 
figures, the Los Angeles Fire Depart- 
ment has put in about a thousand man- 
days on this test program up to the 
present time. In addition, the American 
District Telegraph Company had two 
to four men there every day and they 
were a great help. Some of the really 
hot fires damaged a lot of equipment, 
but they replaced it as needed and were 
ready to go for each succeeding test. 


Informal Conclusions 


After reading this informal report, 
you probably want to know what our 
conclusions have been to date. First of 
all, it is clear that ‘‘partial protection”’ 
(e.g. partial sprinkler coverage, draft 
curtains at stair openings, vents in the 
shafts) have so far proved useless. 


A complete automatic sprinkler 
system is a solution. It kept tempera- 
tures very low and held down the smoke 
to a tolerable level; occupants would 
weep before they got out but it was 
tolerable. Such a sprinkler system 
should have a local water flow alarm 
directly tied into the building evacua- 
tion alarm system; administrators 
should not be given the opportunity 
to make a mistake in transmitting the 
alarm. 

With a complete automatic fire de- 
tection system you should have a couple 
of minutes of previous warning before 
smoke would make the building un- 
tenable, especially if the fire started in 
a confined area. When the fire occurred 
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in an open area (such as in the stairshaft 
or corridor) it would be touch and go 
whether you got the alarm first or had 
untenable smoke conditions. This might 
be gambling a bit. 


We feel, as does our State Fire Mar- 
shal, that there should be some other 
means of getting out of the building 
than having to enter corridors between 
two rows of classrooms. Outside stair- 


ways are a possible solution to the 
problem, at least in some locations. 


Of course, complete enclosure to each 
stairshaft is an answer, but I personally 
do not think it is a practical solution. 
I do not want to gamble my children’s 
lives on some janitor blocking the doors 
open. The best solution for new schools: 
one-story schools with exits from every 
room to the outside. 











Atlantic City, N. J., June 1, 1959 


Present 
T. Seddon Duke, Chairman 
Henry G. Thomas, President 
Loren S. Bush, Vice-President 
John A. Neale, Past President 


Dale K. Auck 
Warren J. Baker 

W. H. Berry 
Charles H. Bunn, Jr. 
W. H. Forristall 

A. Leslie Ham 


Clarence W. Higbee 
Paul C. Lamb 
William L. Miller 
George J. Richardson 
Leigh R. Sanford 


Percy Bugbee, General Manager 


1. The Board voted to send a telegram 
to Vice-President J. Sharp Queener ex- 
pressing the best wishes of the Board for 
his speedy recovery from his present 
illness. 

2. Chairman Duke's report for the 
Board of Directors for presentation at 
the opening general session of the annual 
meeting was approved. 

3. Treasurer Hovey T. Freeman's re- 
port for presentation at the first general 
session of the annual meeting was ap- 
proved. In discussing the financial 
statement for the previous year which 
was distributed to Board members at the 
meeting, the Board voted to refer to the 
Finance Committee, with power, the 
matter of investing the $25,000 set aside 
for investment with the thought that 
the Finance Committee should consider 
the appropriateness of some other in- 
vestment than long-term government 


bonds. 


4. The Board approved a progress re- 
port for the 1959 Fall Conference sched- 
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uled at the Hotel Fort Des Moines in 
Des Moines, Iowa, November 11-13, 
1959. 


5. The Board expressed its satisfac- 
tion that Mr. H. E. Humphreys, Jr., 
Chairman of the Board of the United 
States Rubber Company, will continue 
to serve as Chairman of the Sponsors 
Committee and the Board took notice 
with pleasure that three additional men 
have consented to serve on this com- 
mittee — President Hewitt of Deere 
and Company, Vice-President Odell of 
International Harvester Company, and 
President Power of General Telephone 
Corporation. 


6. Letters of thanks to the Roard were 
read from the new recipients of the 
NFPA Distinguished Service Awards — 
Messrs. Bunn, Fetherston and Huden- 
burg. 


7. The Board approved the action 
of the Industrial Committee in present- 
ing an advisory memorandum entitled 
‘Management Guide for Controlling 
Fire Emergencies’’ and authorized the 
presentation of this to the annual meet- 
ing for action. 


8. The Board accepted with regret 
and with sincere appreciation for past 
services the resignation of member 
Charles H. Bunn, Jr. as Chairman of the 
Executive Committee of the Committee 
on Flammable Liquids and as Chairman 
of the Sectional Committee on Ceneral 
Storage of Flammable Liquids and as 
Chairman of the Flammable Liquids 
Field Service Committee. The Board 
appointed Mr. Paul Lamb as General 
Chairman of the Committee on Flam- 
mable Liquids. The Board appointed 
Deputy Chief Raymond Hill of Los 
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Angeles as Chairman of the Sectional 
Committee on General Storage of Flam- 
mable Liquids. The Board appointed 
Mr. Elmer Mattocks of the American 
Petroleum Institute as Chairman of the 
Flammable Liquids Field Service Com- 
mittee. 


9. The General Manager reported to 
the Board several matters of current 
interest including the fact that the 
Sears-Roebuck Foundation in Chicago 
was considering the possibility of finan- 
cial support to NFPA; that the National 
Safety Council was providing effective 
cooperation with NFPA in our school 
fire safety program; that the Fyr-Fyter 
Company was providing excellent co- 
operation in the NFPA’s membership 
campaign; and that the Los Angeles 
Fire Department had expressed apprecia- 
tion of the services of NFPA Engineer 
Richard E. Stevens for his work in 
connection with the school fire tests in 
that city. 

10. Retiring Board members Bunn, 
Ham and Richardson expressed their 
gratification at having had the oppor- 
tunity to serve as members of the Board 
and their best wishes for continued 
success of the Association. 


11. It was voted to hold the next 
meeting of the Board at the Parker 
House in Boston, Mass. on Monday, 
July 13. 


Boston, Mass., July 13, 1959 


Present 
T. Seddon Duke, Chairman 
Henry G. Thomas, President 
Loren S. Bush, Vice-President 
John A. Neale, Past President 
Hovey T. Freeman, Secretary-Treasurer 


Dale K. Auck W. H. Forristall 
Warren J. Baker Paul C. Lamb 

W. H. Berry Jerome Lederer 

A. Sidney Briggs Elmer O. Mattocks 
Frank J. Fee, Jr. Carroll E. Shaw 


E. C. Wood 


Percy Bugbee, General Manager; Robert S. 
Moulton, Technical Secretary; Horatio Bond, 
Chief Engineer; Charles S. Morgan, Assistant 
General Manager; George H. Tryon, Assistant 
Technical Secretary. 


Business Transacted 


1. The following officers of the 
Corporation were elected: President— 
Henry G. Thomas; Vice-President— 
Loren S. Bush; Vice-President—J. Sharp 
Queener; Secretary-Treasurer — Hovey 
T. Freeman. 


2. Messrs. Elmer Mattocks and Car- 
roll E. Shaw were selected to complete 
the Nominating Committee for 1960. 


3. Plans reported by General Man- 
ager Bugbee were approved for the fol- 
lowing future annual meetings: Queen 
Elizabeth Hotel, Montreal, May 16-20, 
1960; Detroit, May 15-19, 1961; Phila- 
delphia, May 14-18, 1962; San Francisco, 
May 20-24, 1963; Dallas, May 18-22, 
1964. 


4. The Program Committee for the 
64th annual meeting was approved to 
consist of the President, the Chairman 
of the Board of Directors, and the Gen- 
eral Manager. 


5. The 1959 Fall Conference to be 
held at the Hotel Fort Des Moines, Des 
Moines, Iowa, November 11-13 was 
discussed by General Manager Bugbee 
and approved. In response to questions 
as to attendance, the following members 
of the Board indicated their intention 
to be present: Warren Baker, T. S. Duke, 
Henry Thomas, Dale Auck, Frank Fee, 
Elmer Mattocks and Sidney Briggs. 


6. The report of the Treasurer, Hovey 
T. Freeman, was accepted. Mr. Free- 
man’s report showed the substantial 
growth of the Association over the 
period of years from 1940 to 1959. 


7. The budget prepared by the staff 
and submitted to the Finance Com- 
mittee—Messrs. Freeman, Duke and 
Thomas, was presented and approved. 
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8. Mr. Bugbee reported on the Field 
Service Sponsors Committee indicating 
the high calibre of sponsors and reported 
changes in the personnel of the com- 
mittee. 


9. (a) Mr. Moulton’s resignation as 
trustee of the pension plan was accepted 
and Mr. Charles S. Morgan was elected 
trustee in his place. 

(b) It was voted to amend the eligi- 
bility provisons of the NFPA Retire- 
ment Plan so as to reduce the maximum 
age limit of employees from 55 years 
and 6 months to 50 years and 6 months, 
applicable only to persons first employed 
after July 31, 1959, subject to its accept- 
ability to the Internal Revenue Bureau. 
The reason for this amendment is 
basically economic because the cost of 
taking into the plan an employee older 
than $0 years is so great as to discourage 
employment of certain otherwise poten- 
tially useful mature persons. 


10. After extensive discussion, it was 
voted to refer the plans for group in- 
surance and major medical expense in- 
surance to the Finance Committee with 
power, the personnel of the committee 
to be augmented for the purpose of this 
consideration by the addition of Mr. 
Warren Baker, Mr. Elmer Mattocks and 


Mr. Bugbee. 


Field Service and Section Reports 


11. Field Service and Section reports 
were presented as follows: 

(a) Mr. Moulton presented the report 
of the Electrical Section indicating the 
large amount of time required in the 
preparation of the National Electrical 
Code and the devoted service rendered 
by Electrical Field Engineer Stetka and 
members of the NFPA staff. 

Cb) Mr. Elmer Mattocks, Chairman 
of the Flammable Liquids Field Service 
Committee, reported satisfaction with 
the service of Mr. Miles Woodworth, 
Flammable Liquids Engineer, stating 


that he had been successful in securing 
support and agreement on the part of 
the industry, insurance and regulatory 
groups. 

(c) Mr. Bugbee reported on the Gases 
Field Service Project indicating similar 
satisfaction with the work of Mr. Clark 
F. Jones, Gases Field Engineer. 

(d) Mr. Warren Baker reported on 
the Society of Fire Protection Engineers 
indicating a healthy condition and dis- 
cussed their plans for the future. 

Ce) Mr. Morgan reported on the activ- 
ities of the Fire Marshals Association 
of North America indicating the change 
in the name from the Fire Marshals’ 
Section and the close cooperation be- 
tween this group and general NFPA 
activities. 

12. Mr. Tryon reported on the Hand- 
book of Fire Protection, indicating 
various factors which had delayed prog- 
ress on this book, particularly the 
Chicago school fire and the large num- 
ber of standards which have been proc- 
essed in 1959. Mr. Tryon indicated the 
expectation that the work would go 
forward at a faster pace in the future. 

13. Mr. Bugbee reported on the 
Sparky program indicating that the 
previous deficit had been substantially 
reduced and that Sparky continues as 
the symbol used in all NFPA fire pre- 
vention literature and is being increas- 
ingly recognized in the field. 


Explosives Code 


14.(a) The Explosives Code referred 
to the Board by action of the Committee 
on Chemicals and Explosives, Mathew 
Braidech, Chairman, was officially 
adopted in the name of the Association. 
Mr. Braidech’s report indicated that of 
the membership of the committee of 42, 
40 had voted affirmatively and two had 
not voted. Mr. Bugbee presented a 
comment from Fire Marshal Nordwick 
of Stockton, Calif., objecting to the pro- 
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visions of the Code which permitted the 
use of concrete mixers for the mixing of 
explosives and suggesting that this 
matter should be further considered by 
the committee but without any objec- 
tion to the present action on adopting 
the Code. 


Mr. Bugbee then presented the resig- 
nation of Mr. Mathew Braidech from 
the chairmanship of the committee on 
the ground that his responsibilities to 
his employer required that he discon- 
tinue the large contribution of time and 
effort involved in the work of this com- 
mittee. This resignation was accepted 
with expressions of appreciation to Mr. 
Braidech for the contributions he has 
made during the period of his chairman- 
ship. 

During the discussion Mr. Auck 
questioned the use of the term ‘‘Code”’ 
in the title of this document. After 
discussion by Mr. Baker, Chairman of 
the Committee on Laws and Ordinances, 
it was agreed that the next edition of 
the NFPA Handbook should discuss 
the differentiation between ‘‘Code,”’ 
“Standard’’ and ‘*‘Ordinance.”’ 


(b) No action was taken on changes 
in the National Electrical Code in view 
of the lack of agreement between Na- 
tional Electrical Code Committee Panel 
No. 14 and the Flammable Liquids 
Committee. This leaves the text of the 
Code in accordance with the vote of the 
annual meeting which reverted to the 
1956 wording for the treatment of the 
hazardous area around filling station 
vents, 


15. Chairman Roger Wingate of the 
Committee on Wearing Apparel pre- 
sented a report of the activities of his 
committee outlining a controversy that 
had developed and the objections raised 
by certain commercial interests. This 
was discussed and it was voted that the 
Board express appreciation of Mr. 


Wingate’s efforts and support of the 
position of the committee. 


Technical Advisory Committee Report 


16. T. Seddon Duke reported for the 
Technical Advisory Committee as fol- 
lows, with action taken as indicated: 


The committee appointments pro- 
posed for confirmation by the Board 
were officially approved. Also a sup- 
plementary list of committee appoint- 
ments was approved. It was voted to 
make a correction to the previously 
circulated list deleting the name of Mr. 
Baker as a member of the Sectional 
Committee on Storage of Forest Prod- 
ucts as he is already an ex-officio mem- 
ber of all sectional committees reporting 
to the General Storage Committee. 
(The complete committee lists will 
appear in the 1959 Year Book.) 


It was voted to authorize the Tech- 
nical Advisory Committee to make 
additional appointments between the 
Board meeting and the date of publica- 
tion of the 1959 Year Book, subject to 
confirmation by the Board at its next 
meeting and to reappoint all committee 
members except those who have re- 
signed or have been dropped for the 
committee year 1959-1960. 


It was voted to discharge the Com- 
mittee on Wetting Agents and to trans- 
fer jurisdiction over the Standard on 
Wetting Agents, NFPA No. 18, to the 
Committee on Foam. The reason for 
this action is the lack of current interest 
in the Standard on Wetting Agents and 
the undesirability of continuing an in- 
active committee on the NFPA books. 


The Technical Advisory Committee 
reported that it was planning to con- 
sider the differences between the Na- 
tional Electrical Code Committee and 
the Flammable Liquids Committee and 
other committees dealing with special 
hazards with respect to the requirements 
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for hazardous areas with the hope that 
recommendations satisfactory to all con- 
cerned could be developed to delineate 
the respective responsibilities of the 
National Electrical Code Committee 
and other committees concerned. 


It was voted to constitute the Con- 
ference Committee on Pallets and the 
Subcommittee on Storage of Forest 
Products as sectional committees re- 
porting to the Association through the 
Committee on General Storage. 


Chairman Duke reported on questions 
pertaining to manufacturers’ representa- 
tion on the Committee on Signaling 
Systems and Thermostats and the intent 
of the Technical Advisory Committee 
to review the entire matter of manu- 
facturers’ representation on this com- 
mittee with a view to making recom- 
mendations to the next meeting of the 
Board. These plans were approved. 


17. The Technical Advisory Com- 
mittee for 1959-1960 was appointed as 
follows: T. Seddon Duke, Chairman, 
Warren Baker, A. L. Brown, Hylton R. 
Brown, E. W. Fowler. 


18. The present Committee on Re- 
search was discharged with an expres- 
sion of appreciation to the committee 
members for their valuable contribution 
to the Association and a new committee 
was appointed with the same scope con- 
sisting of all of the chairmen of NFPA 
technical committees, ex-officio, with 
Chief Engineer Horatio Bond as Chair- 


man. An Executive Committee was 
appointed as follows, subject to the ac- 
ceptance of the individuals named: 
Warren J. Baker, Franklin R. Fetherston, 
Everett Fowler, Paul Lamb, J. Sharp 
Queener, Carl Setzer, J. N. Pryce, Henry 
Thomas, Roger Wingate. 


19. Mr. Bond reported on the Com- 
mittee on Fire Research of the National 
Academy of Sciences—National Re- 
search Council, indicating the character 
of research projects that they consider, 
their financial support from government 
sources and the fact that their activities, 
largely in the field of pure research, are 
interesting universities, private research 
institutes and government laboratories 
in research on fire subjects. 


20. It was voted to hold the next 
meeting of the Board at the Union 
League Club, New York, on January 
21, 1960. 


21. A communication from Fire Mar- 
shal W. J. Scott of Ontario was received. 


22. Mr. Moulton discussed the NFPA 
Standard for Fire Prevention and Fire 
Protection in Trailer Coaches and 
Trailer Courts referring to recent action 
of the American Standards Association 
on this subject. It was unanimously 
voted to submit present NFPA No. 501 
to the American Standards Association 
for approval as an existing standard 
with revisions to be handled under the 
proprietary sponsorship method and to 
promote the NFPA standard actively. 
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Gaseous Oxygen Fires and Explosions 


By Arthur E. Miller, Director of Research, 


Scott Aviation Corporation, Lancaster, New York 


It is not my intention to discourage 
the use of oxygen. The purpose of this 
paper is to emphasize the need for care- 
ful handling, and to encourage proper 
instruction and supervision of personnel 
who work with oxygen. This discus- 
sion will be limited to gaseous oxygen, 
because liquid oxygen, while it presents 
many of the same hazards as gaseous 
oxygen, presents many specific problems 
in itself. 


Oxygen is, by far, the most important 
of all gases. Without it in our atmos- 


Based on a paper presented by the author at the 
63rd NFPA Annual Meeting held at Atlantic City, 
New Jersey, June 1-5, 1959. Mr. Miller also dem- 
onstrated the fire and explosion hazards of oxygen 
during his presentation. 


phere there would be no life on this 
planet. Compressed oxygen makes pos- 
sible many processes in industry, in 


medical therapy, and in high altitude 
survival. 


Thirty-six years ago a prominent 
member of the compressed gas industry 
made the observation that oxygen 
explosions were occurring with what 
appeared to be distressing frequency 
despite the fact that in many instances 
all of the prescribed rules and safety 
precautions had been observed.' Since 
that time, the frequency of such in- 
stances does not appear to have dimin- 
ished significantly. However, it must 
be borne in mind that the use of oxygen 
has increased tremendously in that 
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An internal explosion of an oxygen line during servicing caused severe damage in 
this DC-4. The explosion originated somewhere between the oxygen cart regulating valve 
and the first cylinder in the aircraft. The resulting fire originated at approximately the 
junction of the right wing and fuselage and then spread through the cabin area. 
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Mr. Miller is about to touch a lighted ciga- 
rette to an oxygen mask rebreather bag. 


same period, so that actually it can be 
safely said that there has been a great 
reduction in the number of incidents as 
related to the usage of oxygen. It is 
still true, though, that ‘‘the history of 
oxygen has been punctuated by explo- 
sions’? and that ‘‘oxygen burn-outs 
still occur despite the fact that all pre- 
cautions are being taken.’’* 


Difficulty of Obtaining Information 


While there is a great deal of scattered 
information on the subject in the form 
of reports in newspapers and technical 
publications of oxygen fires and explo- 
sions, and fragmentary reports of in- 
vestigations by such agencies as the 
Bureau of Standards and the Bureau of 
Mines, much of the work which has 
been done by independent companies 
has not been publicly reported. 


The torch-like flame illustrates the hazard 
of such an exposure. 


From personal discussions and cor- 
respondence with individuals in the 
industry it is apparent that many com- 
panies have devoted considerable time 
and expense to investigating oxygen 
fire and explosion phenomena. How- 
ever, there is an understandable reluc- 
tance on the part of the industry to 
publicly divulge what it has done and 
what it has learned. One reason for 
this reluctance is the fear that some 
published information might at some 
future time be used in litigation against 
either the company which published 
the information or against one of its 
associates. Consequently the general 
attitude in the industry is that what 
one company discovers through its own 
efforts and expenses is proprietary in- 
formation for its own use only. 


It is equally difficult to obtain specific 
information from the military and other 
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governmental departments. There seem 
to be no adequate records of oxygen 
accidents or investigations; most of the 
case histories and reports are based 
primarily on the knowledge and mem- 
ories of individuals. 


Another reason for the reluctance to 
publish information is the fact that the 
results of investigations are seldom if 
ever conclusive. In other words, a 
series of experiments may be conducted 
with one particular setup or type of 
apparatus in which a number of speci- 
mens of different materials are tested for 
combustibility. These tests may give 
the materials a certain grading or order 
of relative combustibility. However, 
another investigator working with the 
same materials but with a slightly dif- 
ferent setup may come up with another 
entirely different grading. The results 
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of any experiment or test can be inter- 
preted only in the light of the equip- 
ment which was used for the tests. It 
cannot be said that because a certain 
material ignited or exploded in a given 
experiment, that material will explode 
under all conditions. Frequently it is 
impossible to obtain consistent results 
even with the same material under 
identical conditions. 


Ignition Requirements 


There are, however, certain general 
parameters which appear to be fairly 
obvious. One is that an oxygen fire or 
explosion requires three ingredients: 
oxygen, a combustible material, and 
heat. 


The probability of ignition varies 
directly with the concentration of oxy- 
gen, with the combustibility of the 





A flameproofed fabric only chars when a 
match is used to attempt ignition. 


The same flameproofed fabric burns furi- 
ously when combustion is assisted by a slight 
stream of oxygen. 
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The result of touching a lighted match to the 
exhalation valve on a demand-type oxygen 
mask while oxygen is being exhaled through 
the valve. 


material, and with the temperature of 
either the combustible material or of the 
oxygen directly in contact with it. 


Oxygen itself will not burn, but it 
supports and tremendously accelerates 
combustion with any material capable 
of being consumed by fire. Also, 
oxygen, being compressible, is capable 
of initiating fire or explosion by the 
heat generated in the process of com- 
pression. In general, it can be said that 
the higher the pressure of compressed 
oxygen, the greater the hazard of spon- 
taneous ignition. But this does not 
mean that oxygen at low pressure is 
totally innocuous. It, too, is danger- 
ous; while it is much less likely to 
cause spontaneous ignition, it can do so 
under certain conditions. 


The term ‘‘combustible material’’ is a 
very general one denoting not only those 
materials which are readily combustible 
in their normal form, but also materials 
such as iron or steel, which are normally 


noncombustible but do become combus- 
tible at elevated temperatures in the 
presence of high concentrations of 
oxygen. 


Heat can be either external or in- 
ternal. External heat could be heat 
conveyed to the combustible material or 
to the oxygen in contact with it, either 
by radiation or by conduction. Internal 
heat could be generated either within 
the oxygen circuit or by the oxygen 
circuit itself. Heat could be generated 
by sudden compression of the oxygen 
(known as the ‘“‘ram,’’ adiabatic heat- 
ing, or ‘‘dieseling’’ effect). It could be 
caused also by resonance of oxygen 
under relatively low pressures imping- 
ing into a dead-end cavity; it might be 
generated by the vibration of a gasket, 
seal, “‘O”’ ring, or other nonmetallic 
resilient member while surrounded by 
the high concentration of oxygen. A 
small-volume, high-velocity leak could 
cause ignition of material through 
which it is leaking, by the heat gener- 
ated through friction. 


There is also a possibility that heat 
caused by friction of a metal-to-metal 
valve seat or the heat generated by the 
breaking of a spring or other metal ele- 
ment could cause ignition. Solid par- 
ticles suspended in a stream could cause 
ignition either by sparking on impact 
or by static discharge. Static charges 
induced by a flow of gas could also 
cause ignition. Theoretically a metal 
burr or shred exposed to a high velocity 
stream of oxygen could become heated 
to its ignition temperature. 


Some of these methods of inducing 
ignition or explosion can be and have 
been satisfactorily demonstrated in lab- 
oratory experiments which correlate 
very closely with actual incidents of 
fire and/or explosion. Other sets of 
conditions, however, have been experi- 
mentally set up, but as far as is known 
it has been impossible experimentally to 
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initiate a fire or explosion with these 
conditions. Yet in many actual inci- 
dents the conditions existing at the 
time of the incident and the nature of 
the incident itself strongly suggest that 
one of these methods was the means of 
initiation of ignition. 


Reduction of Oxygen Hazards 


There appear to be only two ways in 
which the hazards associated with oxy- 
gen could be significantly reduced. One 
would be if there were some means of 
inducing all oxygen equipment manu- 
facturers, oxygen producers, the mili- 
tary services and other government 
bureaus to ‘‘pool’’ their knowledge and 
information and make it available to an 
independent unbiased group which 
would evaluate all of the information 
available and use it either to establish 
definitely provable facts or as the basis 
for further research and investigation. 
The reluctance of industry to publicize 
its findings, coupled with the inter- 
departmental rivalry in some of our 
governmental divisions, make such a 
program unlikely. 


The other method would be if some 
government agency, such as the Bureau 


of Standards, would set up a long range 
program to investigate completely all 
known incidents of oxygen fires and 
explosions, and with the knowledge 
gained, to proceed with a full-scale in- 
vestigation into all of the possible 
phenomena associated with oxygen, 
with the view of making definite recom- 
mendations as to the materials and 
techniques to be used in oxygen equip- 
ment, handling, and usage. Such a 
program is only likely to be undertaken 
if there is a sufficient demand from the 
industries concerned with the problem. 


Recommendations 


In the meantime, the only recommen- 
dations which I can make are that every- 
one concerned with the production, 
handling, or use of oxygen bears in mind 
the three basic factors mentioned in my 
opening statement; namely, that oxygen 
fires or explosions require oxygen, plus 
a combustible material, plus heat. 


Oxygen should be used only when no 
other gas will serve the purpose to be 
accomplished, such as in oxygen in- 
halation therapy, oxygen for use at high 
altitudes, oxy-acetylene welding, and 
other specific purposes. In such appli- 





A piece of hardwood doweling being ignited by a stream of low pressure oxygen 
(approximately 50 pounds per square inch gauge). 
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The damage which occurred in a matter of seconds after the oxygen system in this 
aircraft was turned on and spontaneous ignition occurred in the system. 


cations, only oxygen will suffice. Oxy- 
gen should never be used as a substitute 
for compressed air or other gases. 


Personnel handling or using oxygen 
should be trained to distinguish between 
compressed air, oxygen, and nitrogen, 
and to use the proper names of these 
gases. This would eliminate accidents 
resulting from the practice of using the 
name “‘air’’ for oxygen or nitrogen, thus 
implying that they are all alike. 


Every effort should be made to pre- 
clude the contact of oxygen with com- 
bustible materials. This is a general 
recommendation, which must be inter- 
preted with the application of some 
common sense. There is too great a 
tendency on the part of some individuals 
to resort to quibbling over the inter- 
pretation of such a recommendation. 


We need simply to use some common 
sense in interpreting this injunction 
against combining combustible mate- 
rials and oxygen. A piece of cold steel 
in high pressure oxygen is perfectly 
innocuous. In fact, high pressure oxy- 
gen is stored in steel cylinders. On the 


other hand, a piece of red hot steel in a 
stream of oxygen at low pressure would 
be extremely combustible. 


In the same way, a piece of rubber 
tubing or a rubber oxygen mask is 
perfectly harmless in conjunction with 
low pressure oxygen. That same mate- 
rial could be highly dangerous in high 
pressure oxygen, especially at elevated 
temperatures. 

The point is that in selecting mate- 
rials for use with oxygen, we should 
use the least combustible material 
which will meet functional require- 
ments. Also, in using the equipment, 
we must be careful not to allow any 





The huge hole burned through the fuselage 
on the side opposite the door shown in the 
photo above. 
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condition to develop which would in- 
crease the combustibility of the mate- 
rial. For example, while a rubber 
oxygen mask is safe with oxygen at 
low pressure, coating the mask with 
vaseline or some other organic cream 
to make it more comfortable on the 
patient’s face would be an act increas- 
ing the hazard, because in handling the 
mask the cream could get on the attend- 
ant’s hands and be transferred to the 
high pressure oxygen valve, or to the 
pressure reducing regulator where such 
contamination could cause an explosion. 


Likewise, the seat material in an oxy- 
gen regulator or valve may be perfectly 
safe when it is new and clean. How- 
ever, if combustible foreign materials 
such as dust, lint, or oil should be 
allowed to get into the valve or regu- 
lator, or if with prolonged usage that 
seating material becomes frayed or 
abraded, then it becomes much more 
readily combustible. 


It would seem obvious that since the 
probability of an oxygen fire or explo- 
sion increases directly in proportion to 
the temperature, every effort would be 
made to minimize the possibility of the 
oxygen container or equipment becom- 
ing overheated. Again, it is not pos- 
sible to set a specific number as to what 
is meant by ‘‘overheated.’’ It means 
keeping oxygen as cool as possible. 


Obviously, if an oxygen cylinder is 
stored next to a furnace it is going to 
become hotter than if it were stored 
elsewhere in the room or building. By 
the same token, if it is allowed to stand 
in the hot sunlight it will be hotter 
than it would be in the shade. Oxygen 
lines if allowed to pass near the cabin 
heater in an airplane or near some part 
of the electrical system or equipment 
which generates a considerable amount 
of heat, also can become overheated. 
Hot oxygen is more likely to cause 
Spontaneous ignition than cool oxygen. 


Knowing that heat can be generated 
by the sudden compression of gas, users 
of oxygen equipment should bear this in 
mind and always make it a practice to 
open the oxygen valve slowly. Again, 
quibblers may demand a definition of the 
word ‘‘slowly.’’ It is odd that the same 
people have no difficulty in understand- 
ing the difference between walking 
slowly and walking fast, but when faced 
with an admonition such as ‘‘open 
valve slowly,’ they suddenly profess 
ignorance as to what the word means. 
To ‘‘open slowly’’ means to open the 
valve just as slowly as humanly possible. 
I prefer to open the valve so slowly that 
the pressure gage on the regulator or on 
the downstream side of the valve will 
just creep up the gage scale to the maxi- 
mum pressure reading. After the needle 
has stopped moving, thus showing the 
pressure has equalized on both sides of 
the valve, then open the valve the rest 
of the way. This minimizes the possi- 
bility of heat being generated by high 
pressure oxygen suddenly rushing into a 
dead end space in the valve or in the 
regulator and recompressing the gas 
which previously occupied that space. 
The temperature resulting from such re- 
compression might theoretically be as 
high as 1700° F., sufficient to ignite even 
relatively noncombustible materials. 


The hazard of ignition by resonant 
heating may be remote, but it does exist. 
It has been demonstrated that a low 
pressure stream (40 to 60 psi of oxygen 
or air) impinging into a dead end pas- 
sage drilled into a piece of hardwood 
can (at a certain combination of relative 
dimensions and pressures ) cause ignition 
of the hardwood by resonant heating of 
the gas trapped in the cavity. 


Ignition by vibration has been proven 
to have caused several fires which were 
investigated in Great Britain. In these 
cases a leak in a low pressure hose had 


been patched by applying a piece of 
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Two employees of an airline were fatally injured by an explosion of a non-ICC approved, 
small (480 cubic inch capacity), ‘‘walkaround” oxygen cylinder (fragments shown at left) 


during a recharging operation. 


a seam in the lap-seam, copper brazed vessel. 


The cylinder explosion was the direct result of the failure of 


In addition, improper recharging procedures 


were used including failure to place a reducing valve on the line from the master high pressure 


master cylinder (shown at right with the connections used). 


The drill holes shown on one 


of the fragments were made for metal analysis following the accident. 


fabric-reinforced rubber material and 
binding it over the leak. Vibration of 
the patch due to leakage was proven to 
have generated sufficient heat to ignite 
the patch, and this in turn set fire to the 
hose and surrounding materials. The 
pressure in these cases was only about 
40 psi. Obviously, care should be exer- 
cised in repairing leaks. Whether leak- 
age through an *‘O”’ ring or other type 
of flexible seal could conceivably have 
similar results has not been established. 


Summary 


In summary, then, remember and 
teach personnel, that although oxygen 
is technically a nonflammable gas it 
must be handled and treated just as 
cautiously and with as much respect as 
an explosive. Properly used, it is indis- 
pensable; carelessly or improperly used, 
it can cause disaster. 
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NFPA Oxygen References 


Standard on Gas Systems for Welding and Cut- 
ting (No. 51). Published in National Fire Codes, 
Volume I and in separate pamphlet form (50¢). 

Standard on Nonflammable Medical Gas Systems 


CNo. 565). Published in National Fire Codes, 
Volume I and in separate pamphlet form (50¢). 


Standard for Bulk Oxygen Systems at Consumer 
Sites (No. 566). Published in National Fire Codes, 
Volume I and in separate pamphlet form (35¢). 


Recommendations for Safeguarding Aircraft 
Breathing Oxygen System Maintenance Opera- 
tions. Published in National Fire Codes, Volume 
VI (1959 Edition) and in separate pamphlet form 
(50¢) 
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The British Institution of Fire Engineers 
By A. P. L. Sullivan, C.B.E., M.M., M. I. Fire E. 


Honorary General Secretary 


In the United Kingdom it is generally 
true that few professional men can prac- 
tice their professions unless they have 
passed the examinations of the appro- 
priate learned institution. For example, 
architects, surveyors, doctors, account- 
ants and so on all have their own insti- 
tutions through which they must qual- 
ify before they are recognized. Accord- 
ingly they have achieved high status 
and a worthwhile position in affairs. 


The job of the modern fireman is to an 
increasing extent bringing him into con- 
tact with every field of industrial and 
domestic life. The profession is being 
called upon to advise industrialists and 
town planners in modern development. 
Advice given at this stage can undoubt- 
edly have considerable influence in the 
prevention of fire disasters in the future. 
The scope of this work must depend 
directly upon the ability, experience 
and qualifications of the fire officer. It 
is for this purpose that the Institution 
of Fire Engineers offers the facility and 
the stimulus to the fire officer to qualify 
himself for the job by examination and, 
through conferences, exhibitions, pub- 
lications and Branch activities, to ex- 
change ideas, promulgate information 
and keep up to date with technical 
development in the profession. 


Based on remarks made by the author at the 
63rd NFPA Annual Meeting held in Atlantic City, 
N. J., June 1-5, 1959. Mr. Sullivan was formerly 
Chief Superintendent, London Fire Brigade, Chief 
of Staff of the National Fire Service in the U. K. 
during a part of World War II and Chief of the 
\erodrome Fire Service for the U. K. Ministry of 
Civil Aviation, 1949-1951. 
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Origin and Purposes 


The Institution of Fire Engineers was 
founded in 1918 by the initiative and 
farsightedness of a group of fire officers 
commanding principal fire departments 
in the United Kingdom. Their inten- 
tion was to give to the profession a 
status similar to that which had been 
enjoyed for many years by other great 
professions. These officers appreciated 
that the basic requirements for public 
recognition of a profession could only 
be obtained by setting up standards for 
the professional knowledge and conduct 
of its members, by stimulation towards 
research, by the interchange of ideas, 
and by the publication and communica- 
tion of information. 


The stated purpose of their first 
resolution was first to raise the standard 
of the fire service and second to get these 





Mr. Sullivan speaking at the 1959 NFPA 
Annual Meeting. 
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standards recognized by employing 
authorities. The standards referred to 
are purely technical ones. The Institu- 


tion is not in any sense a trade union and 


takes no part in conditions of service or 
matters of management of the fire serv- 
ice. It is also a nonprofit organization. 

At present out of 145 fire authorities 
in the United Kingdom nearly 100 are 
commanded by officers who are qualified 


members of the Institution. There are 


branches of the Institution in Canada, 
Australia, New Zealand, India and 
Africa. In most of the British Domin- 
ions overseas, the Institution is a recog- 
nized standard of qualification for 
officer appointment in many fire depart- 
ments. Thus, from a small beginning 
in 1918, the activities of the Institution 
are now world-wide and it has become 
unique in being the only professional 
Institution for firemanship throughout 
the world. 


Examination Procedures, Membership 


The Institution is primarily an exam- 
ining body and holds a technical ex- 
amination once a year, on the same day, 
in February. We usually have about 40 
examination centers in all countries in 
the Commonwealth. The examinations 
are taken in two parts. A candidate 
after three years in the fire service may 
take a Graduateship examination and 
the following year an Associate Mem- 
bership examination. The successful 
examinees are awarded a diploma. We 
allow certain entries to the Institution 
without examination, but these must be 
people who are not professional firemen. 
A professional fireman can enter only by 
examination. 


Besides a few Honorary Members we 
have six grades. First, Members, who 
are elected by the Council from Asso- 
ciate Members, then there are Associ- 
ate Members, Graduates, Students, 


Licentiates and Subscribers. The Licen- 
tiates are admitted without examination 
and are usually people connected with 


the fire service but not in it, such as 
manufacturers of fire appliances and 


equipment. The Subscribers are usually 
bodies, such as Local Authorities and 
Government Departments. The Stu- 
dents are the younger members of the 
service who are studying to take our 


examinations. 


The Corporate members of the Insti- 
tution with voting powers are the 
Members and Associate Members — in 
other words people who have passed 
both examinations. 


Examination papers are set and 
marked by senior officers who are mem- 
bers of the Institution and the examina- 
tions are supervised by a university pro- 
fessor and are run to university stand- 
ards. The Institution is officially recog- 
nized by the Government in that it has 
granted exemption for holders of our 
diploma to certain central promotion 
examinations. It also sponsors an an- 
nual grant to the Institution to assist us 
with our work. Many employing 
authorities throughout the Common- 
wealth when advertising for fire officers 
specify that applicants should hold a 
diploma of the Institution. We hope 
that one day this will be the universal 
practice in the Commonwealth. 


The Institution is governed by an 
elected Council of 26 which is split into 
about six committees for dealing with 
various matters. One of our principal 
committees is the Technical Committee 
whose job is to resolve all technical 
problems which come our way. They 
are assisted by 12 Honorary Technical 
Consultants who are eminent men in 
universities and elsewhere. The Insti- 
tution receives technical queries from all 
over the world and this committee deals 
with them. We always try to provide 
an answer. 
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BRITISH INSTITUTION 


Publications 

The Institution also publishes certain 
technical books. The latest is a revise 
of one called ‘‘Chemical Fires and Chem- 
icals at Fires.”"* This book gives an 
alphabetical list of all chemicals the 
fireman is likely to meet and it also de- 
tails, in each case, the properties, pre- 
cautionary measures, how to cope, first 
aid measures and the industries in which 
they are likely to be encountered. In 


modern industry such a variety of chem- 
icals is used that the fire officer cannot 
be expected to remember them all and 
what to do if he meets them. The book 
is pocket size and we encourage all fire 
officers to carry one when attending 
calls. In some fire departments a copy 
of the book is carried on every fire 
vehicle. 

We have also recently produced three 
color film strips dealing with fire pre- 
cautions in hospitals. Each strip con- 
tains about 25 frames and lecture notes 
are available to use with the film strips. 
They are suitable for fire officers who 
give lectures to hospital staffs and many 
hospitals are themselves purchasing the 
strips for their own use. I refer to these 


*Available from the publishers, Chantry Publi- 
cations, 63 Neal Street, Shaftesbury Avenue, 
London W.C. 2, for 10/6 d ($1.52). 
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Seal of the Institution of Fire Engineers. 


things to give you some idea of the 
Institution’s activities. 

This is just a brief version of the 
Institution and its activities. I hope I 
have given you food for thought, but 
I do want to make it clear that we are 
not contemplating any extension of our 
activities to the United States. 

We who run the Institution quite 
realize that passing examinations does 
not make a fireman, but as our examina- 
tions are voluntary they do show two 
things, first that a man has sufficient 
interest and energy to try to help him- 
self, and second the fact that his studies 
for the examination must add to his 
technical knowledge. 








Fire-Resistant Hydraulic Fluids 
By Richard Davis 


Manager of Pydraul Sales, Monsanto Chemical Company 


Hydraulics in industry gives us great 
forces to do work in a most simple, 
efficient and economic way. From an 
operating standpoint hydraulics can do 
many jobs for us which would be im- 
practical and expensive if done strictly 
by mechanical means, such as screws, 
linkages, and gears. In industry today, 
we find hydraulics, for example, used 
in presses to shape metal parts, in die 
casting machines, in control mechan- 
isms (such as those used to maintain 
accurate performance of blast furnaces 
in steel mills and in boiler and turbine 
operations) and in hydraulic power lifts 
(such as used to lift ingots of steel and 
to manipulate them in and out of fur- 
naces). By the nature of hydraulics, 
the fluid used is the ‘‘backbone”’ of the 
system. The most common fluid now 
used in industrial hydraulic systems is 
petroleum hydraulic oil. Its low cost 
and fine lubrication performance make 
petroleum oil desirable for the majority 
of hydraulic systems. Petroleum oils 
also release air and moisture, cool read- 
ily and release dirt. Petroleum oil, 
however, has a serious drawback in cer- 
tain hydraulic applications — it is ex- 
tremely flammable when released in 
atomized or spray form as from a break 
in a pressurized hydraulic fluid line or 
the failure of a component part of a 
hydraulic system. 


The Need for Fire-Resistant Fluids 

Some industrial hydraulic equipment 
operates near open flames or furnaces 
and other high-temperature plant equip- 





Based on an address by the author presented 
at the 63rd NFPA Annual Meeting, held June 1-5, 
1959 in Atlantic City, N. J. 
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ment. Consider, for instance, a dic 
casting plant. Die casting operations 
have pressured hydraulic lines located 
near potential sources of ignition, such 
as molten-metal holding furnaces and 
gas flames. Each die casting machine 
is subject to vibration and hard use. 
Hydraulic fluid surges through the lines 
at average pressures of 1,000 pounds per 
square inch, often as high as 2,500 
pounds per square inch. A weak point 
in the line may break, spraying fluid 
amazing distances. The resulting spray- 
mist of oil is far more flammable than a 
puddle of the oil itself. If the mist of 
petroleum oil should strike a hot hold- 
ing furnace or gas flame, it would im- 
mediately burst into a torch, destructive 
not only to equipment, but potentially 
disastrous to the people operating the 
machine and others in the plant area. 
Indeed, a fine mist of petroleum oil un- 
der such conditions can even be, and 
has been, explosive. In applications 
such as these, where the benefits of 
hydraulics are desirable and even neces- 
sary, such disastrous situations can be 
avoided by the use of fire-resistant 
hydraulic fluids. 


Case Histories 


Because of these unavoidable fire haz- 
ards in many plants, a number of hy- 
draulic fluid fires occur every year. The 
saddest part of these fires is that most 
of them could have been prevented. 
Brief reports on some of the largest 
hydraulic fluid fires reported in recent 
years follow. 


At a die casting plant in Michigan, 
a high pressure oil line ruptured near 
the center of a die casting plant and 
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sprayed oil over a hot die casting ma- 
chine and a gas-fired aluminum melting 
furnace. Although the fire department 
was called without delay, the fire was 
out of control and a loss of $340,000 
was sustained. 


A steel plant reported that a large 
steel coil snapped, rupturing several 
high pressure hydraulic lines using 
petroleum oil in a hazardous area. One 
man was burned to death instantly, and 
another is still in the hospital, given 
little hope for recovery. The final 
chapter of this tragedy is that the 
workers protested the lack of safety 
measures on the management’s part 
with a strike of a few days’ duration. 


An aluminum foundry in Colorado re- 
ported that a flammable hydraulic oil 


that was released from a broken '-inch 
hydraulic line sprayed on an electrically 
heated aluminum melting pot and 
ignited. The 30,000 square foot wooden 
building was destroyed to the extent 
of $450,000. 


A steel tinning plant in West Virginia 
sustained a $925,000 loss because of 
ignition of a hydraulic fluid. 

These ‘‘large loss’’ fires do not include 
others involving loss of life with only 
modest fire damage to equipment as has 
occurred in plants of many types by the 


accidental release of a spray of flamma- 
ble hydraulic fluids. 

On the brighter side, where fire- 
resistant hydraulic fluids have been used 
in potentially hazardous applications, 
we get reports such as these: 





Ignition of flammable hydraulic fluid, released under 750 psi pressure, did severe 
damage to this plant. The fire made access to the emergency hydraulic shut-off valve 
impossible, preventing prompt stoppage of the flow of the fluid. The asphalt coated metal 
roofing in the unsprinklered one-story high building was ignited by the heat of the hydraulic 
fluid fire and flame spread rapidly along the under surfaces of the roof to extend the damage 
significantly. 
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In a die casting plant, an electrical 
control circuit failed and unloaded the 
reservoir, blowing the fire-resistant 
fluid 20 feet into the air over the ma- 
chine, the operator, the helper, and 
some of the fluid dropped into an open 
pot of molten aluminum. The comment 
of the president of the company was: 

. instead of a flash fire and serious 
burns to the workmen, we suffered only 
to the extent of two fluid-soaked men 
and 40 gallons of fire-resistant hydraulic 
fluid.”’ 


In another die casting operation: ‘‘A 
very serious accident which could have 
resulted in physical injury to two of our 
men was averted by the use of a fire- 
resistant hydraulic fluid in our die cast- 
ing machine. On October 25 a hydrau- 
lic line hose operating at 1,000 psi on a 
die casting machine got caught between 
the two halves of the die, ruptured, and 
fire-resistant fluid came out of the lines, 
splashing on the operator, into our 
aluminum melting furnaces, on adjacent 
walls and the ceiling as far as 30 feet 
away. Had flammable oil been used, it 
would surely have ignited upon falling 
in the molten aluminum and the fire 
could have spread over the oil-covered 
operator as had happened in another 
plant previously. The danger of fire 
would have been rendered still worse by 
the presence of oil vapor in suspension 
in the air after it erupted from the oil 
line. The accident has proved to us 
conclusively the safety value of fire- 
resistant hydraulic fluid.”’ 


And at one steel mill, where fire-re- 
sistant hydraulic fluid is used in a blast 
furnace regulator, a cooling plate 
around the blow pipe of a furnace 
burned out, opening the side of the fur- 
nace and allowing a jet of flame to be 
blown out over a group of hydraulic 
lines some 50 feet up the side of the 
equipment. Eight of the 64 three- 
quarter-inch lines ruptured, pouring 


large amounts of the fire-resistant hy- 
draulic fluid directly into the flame and 
more than 140 feet beyond. ‘‘The fluid 
was flowing at the rate of 50 gallons per 
minute,’’ relates one engineer who wit- 
nessed the accident. ‘‘Altogether about 
350 gallons of fire-resistant hydraulic 
fluid poured into the hottest kind of 
fire you can imagine. The fluid would 
burn when it was in the flames, but as 
soon as it would get away from them it 
would go out. It won't support com- 
bustion the way petroleum oils will.”’ 


History of Fire-Resistant Fluids 


The history of fire-resistant hydraulic 
fluids dates back to 1948, when com- 
mercial aircraft experienced a number 
of disasters. Some of these tragedies 
were partially attributed to flammable 
hydraulic fluids. The aviation industry 
searched for an answer — and found it 
in the form of fire-resistant hydraulic 
fluids. First used in 1948, these fluids 
were gratefully accepted and put into 
use in many of the major airlines 
throughout the world. There have 
since been many millions of flight hours 
with no incident of hydraulic fluid fires. 
Not one fire has been reported where 
these fire-resistant fluids have been 
used! Today, with the coming of 
commercial jet airline transportation, 
fire-resistant fluids are specified and 
standard in all of the jet airliners in this 
country and many overseas. 


As indicated previously, industry also 
had a need for safety precautions in its 
hydraulic operations. Seeing the suc- 
cess of the aviation industry in eliminat- 
ing fluid fires, manufacturers began to 
demand fire-resistant fluids. New fluids 
were formulated to meet the require- 
ments of these industrial machines, and 
were first used in 1950. Since then they 
have gained wide acceptance, and have 
definitely proved to be ‘‘a means to the 
end”’ of industrial hydraulic fires. 
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Where to Use These Fluids 


Because of the many functions per- 
formed by hydraulics in industrial 
plants, it is impossible to merely list the 
types of equipment with which there 
may be a fire hazard. Further, some 
equipment, not possessing a hazard 
within itself, may be installed near an 
open furnace with the resulting combi- 
nation creating a hazard. The best way 
to evaluate the need for fire-resistant 
hydraulic fluids is to make formal sur- 
veys of your plant operations. A survey 
sheet, illustrated in reduced size on 
page 48, can help determine where 
there may be problems in your plant. 
Full sized additional copies of this form 
are available from my company. It 
makes it convenient to list: 

1. The type of machine you have us- 
ing hydraulic fluid 

2. The fluid now used 

3. The distance to an ignition source 

4. The identity of that ignition source 

5. The amount of fluid in the system 
and the normal and maximum pressures 
of operation. 


This helps define whether or not a 
spray of hydraulic fluid can be ignited. 
We generally consider that fluid at 
1,000 pounds per square inch can spray 
a distance of about 40 feet. If there is 
an ignition source in that range, there 
is some degree of hazard to the opera- 
tion. 


The form helps you delineate hazards 
so that the most severe can be handled 
first. An extreme hazard is defined as a 
system using petroleum oil, not pro- 
tected by sprinkler systems, and having 
a sustained source of ignition within 
the area that could be reached by a 
spray or leak of the fluid. A medium 
hazard is defined as a system using 
petroleum oil near surfaces of metal or 
equipment that are heated above the 
flash point of the oil but below 600°F. 


A slight hazard is one where an ignition 
source is only occasionally present, such 
as maintenance welding, heating sala- 
manders and other temporary hazards. 


There is space provided on the form 
for notes regarding your plan of action. 
Perhaps moving the machine away from 
a hazard area will suffice. In other in- 
stances, a fire-resistant hydraulic fluid 
may be desirable. 


It is interesting to note how others 
have used these forms to help reduce 
hydraulic fluid fire hazards in their 
plants. After making a survey, officials 
of one steel mill found (much to their 
surprise) that they had a hydraulic line 
running only four inches from the fre- 
quent presence of white hot steel. Fire- 
resistant fluid was installed immedi- 
ately! Other hazards were less evident, 
but none the less represented equal dan- 
gers and were given immediate and 
proper attention. 


Another firm, after surveying its 
operations, found over 100 hazard con- 
ditions in its plants across the coun- 
try. There were approximately 25 ex- 
treme hazard conditions, most of which 
could be made safe only by the use of 
fire-resistant fluid. These plants now 
operate far more safely than before and 
with the use of fire-resistant hydraulic 
fluids, new hydraulic equipment can be 
brought into the plants and operated 
near furnaces and in other high tempera- 
ture areas with complete safety. 


Types of Fire-Resistant Fluids 


These fluids are ‘‘fire-resistant,’’ not 
‘fire-proof.’’ Almost any material can 
be made to burn. For example, steel, in 
the form of steel wool, can be made to 
burn and to support combustion in the 
presence of oxygen. Finely divided steel 
powder is not only combustible but ex- 
plosive; yet steel, per se, is noncom- 
bustible when used as a material of 
construction. By properly choosing 
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conditions, fire-resistant fluids can be 
made to burn. However, these condi- 
tions are not encountered in industrial 
hydraulic applications, and the fluids 
give maximum protection from fire. 


As an example, let us recall the inci- 
dent where a fire-resistant fluid sprayed 
through the extremely hot flames of a 
blast furnace. The engineer was quoted 
as saying that the fluid burned while it 
was right in the flames, but self-extin- 
guished as soon as it passed through 
them. Generally, fire-resistant fluids 
will burn only where there is already 
a fire and they do not add to the sever- 
ity. In other words, once beyond the 
immediate area of that flame, the fluids 
will not support combustion, thereby 
preventing the spread of fire. 


There are three basic types of fire- 
resistant hydraulic fluids: 

1. The straight synthetics, which are 
composed of materials which lubricate 
and in themselves resist combustion; 

2. The water-glycols, which are made 
of flammable lubricants and about 50 
percent water which acts as a snuffer 
when the fluid is sprayed out against a 
hot surface or potential source of igni- 
tion. The resulting steam blanket pre- 
vents ignition of the lubricant; 

3. The third type is an emulsion of 
water-in-oil (about 50 percent water) 
which obtains its fire resistance in the 
same manner as the water-glycol fluids. 


While petroleum oils of good quality 
cost about 60 cents per gallon, the 





water-in-oil emulsions sell for about 
$1.25 to $1.50 per gallon. They can be 
used where pressures and temperatures 
of operation are not excessive. The 
water-glycols cost about $2.50 per gal- 
lon and may be used in slightly more 
severe operations. The straight syn- 
thetics cost $3.00 to $3.50 per gallon, 
but can be used at any temperature or 
pressure at which good quality petro- 
leum hydraulic oils can be used. The 
fluids last almost indefinitely and often 
leakage fluid is recovered and returned 
to the system. 


Summary 


If there is a need for fire-resistant 
hydraulic fluid in your plant, a survey 
will help you find it. Once the need for 
fire-resistant fluid is established, the 
manufacturer of the hydraulic equip- 
ment can help select the fluid best suited 
for the particular application. Consult 
with the fluid manufacturer or supplier 
for helpful information on how to use 
his fluid in your particular equipment. 
I urge that you use the fluids in the 
manner recommended so that they will 
serve their intended purpose properly, 
providing both good hydraulic func- 
tions and fire safety. Prevent hydraulic 
fluid fires before they start! 





Readers interested in further information on 
this subject are reminded that in the Proceedings 
of the 55th NFPA Annual Meeting (1951), pages 
44-49, the Association published an article on 
“Controlling Fire Hazards of Equipment Using 
Hydraulic Fluids’’ by George W. Brahmst, Fac- 
tory Mutual Engineering Division. 





Gaps in Fireworks Control 
By Helen Augur 


Editorial Assistant, The Sight-Saving Review 


During the first 30 years of this cen- 
tury more people were killed and injured 
celebrating the nation’s independence 
than in the War of Independence itself. 
Fireworks killed 4,290 persons and 
severely injured 120,000, as compared to 
the Revolutionary War toll of 4,044 
dead and 6,000 wounded. 


The American Medical Association, 
shocked by the toll of nearly 500 killed 
in Fourth of July celebrations in 1903, 
began keeping count of fireworks acci- 
dents. Their statistics were based only 
on reports sent in by doctors and hos- 
pitals, and were far from complete. In 
1937 there were 310 eye injuries, in 16 
cases involving the loss of one or both 
eyes. In 1946 there were 45 eye in- 
juries, an improvement of 86 per cent 
over the tragedies of a decade before. 
At this point the AMA discontinued 


the collection of annual figures. 


What had happened in that decade 
was the beginning of state control of 
fireworks, limiting their use to author- 
ized public displays. By 1946, 18 states 
had adopted the model law drawn up 
by the National Fire Protection Asso- 
ciation. Today 29 states have the 
model law, 12 limit fireworks to cer- 
tain specified types and sizes, and only 
eight have no statewide control. More- 
over, a Federal law prohibits the ship- 
ment of fireworks into states where 
their use by individuals is banned. 
Decidedly, our national folly of killing, 
maiming and blinding people, mostly 





Reprinted by permission from the Spring 1959 
issue of The Sight-Saving Review. 
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children, on the Glorious Fourth has 
abated. But the problem is not solved, 
and the danger of losing some of our 
recent gains is not over. 


Parents, teachers, public health 
workers and all good citizens need to 
understand the rather complicated ques- 
tion of safe fireworks. Nobody wants 
to abolish the beauty and thrill of a 
pyrotechnic display. Nobody wants an 
aftermath of death and blindness, nor 
is this the inevitable price we must pay 
for firecrackers and rockets. 


Provisions of the Law 


The model state law is aimed at 
making fireworks safe. It was prepared 
by fire marshals in 1937-38, and adopted 
by the International Association of 
Chiefs of Police. It is an excellent 
basic law which works well in any or 
every state. The term ‘‘fireworks’’ is 
carefully defined to include dangerous 
devices, and to exclude harmless ones 
like paper caps and the toys using them, 
provided they satisfy the regulations of 
the Interstate Commerce Commission. 
As so defined, fireworks must not be 
sold or used in the state except under 
permit from the fire marshal or equiva- 
lent authority, granted for supervised 
public displays. 

Since the law regulates the use and 
sale of fireworks but does not abolish 
them, one clause has unavoidably been 
a source of trouble: 


‘Nothing in this act shall be con- 


strued to prohibit any resident whole- 
saler, dealer or jobber to sell at whole- 
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sale such fireworks as are not herein 
prohibited; or the sale of any kind of 
fireworks provided the same are to be 
shipped directly out of state... .”” 


This inevitably provided a loophole 
for the manufacturers and sellers to 
bootleg fireworks into states where 
their private use was forbidden. Chil- 
dren had only to look into their comic 
books or magazines to find the address 
of a firm offering firecrackers for sale 
through the mails; trucks laden with 
forbidden fireworks drove into the 
model-law states to make quick and 
quiet sales. 

Illinois Campaign 

Through the efforts of the Illinois 
Society for the Prevention of Blindness 
there had been some regulation of fire- 
works in that state since 1942, though 
Illinois did not adopt the model law 
until 1950. As part of its long educa- 
tional campaign the Society began col- 
lecting its own fireworks statistics 
when the American Medical Associa- 
tion ceased todoso. In 1951 it recorded 
56 eye injuries for Illinois (the AMA 
had been able to obtain reports of only 
45 for the entire nation in 1946); and 
in 1952 the count was 55. In those two 
years, under the model law, 13 children 
lost the sight of an eye or the eye itself. 


Meanwhile, Illinois was spearhead- 
ing a federal drive against the boot- 
legging of fireworks. Representative 
Marguerite Stitt Church introduced a 
bill in the House of Representatives for- 
bidding their transportation into a 
state where private use or sale was out- 
lawed. Senator Alexander Wiley intro- 
duced a similar bill in the upper house, 
and during 1953 and the early part of 
1954 there was a battle royal with the 
fireworks manufacturers. 


Attempts to Weaken Laws 


In 1953 Representative Edward T. 
Miller of Maryland sponsored a bill in 


Congress which if passed would have 
had the effect of nullifying the state 
control laws. Since it was the first of 
three similar measures presented be- 
tween 1953 and 1957, and since there 
may be other attempts of the kind in 
the future, the Miller bill is of particu- 
lar interest. It proposed that the Inter- 
state Commerce Commission determine 
what fireworks were safe for the public 
to use, and what particular devices com- 
plied with these standards, so that they 
could be identified in commerce. In 
other words, the bill asked the ICC to 
undertake a task for which it had no 
experience, staff, or working facilities. 
The ICC opposed the measure as “‘ex- 
tremely undesirable’’ in a report to 
the Senate, whose judiciary committee 
condemned the bill as perhaps uncon- 
stitutional and certainly an unwar- 
ranted federal interference in state 
affairs. 


In committee hearings on the Miller 
bill some of the commercial aspects of 
the fireworks lobby were revealed. 
Franklin M. Foote, M.D., executive 
director of the National Society for 
the Prevention of Blindness, testified at 
the hearing of April 22, 1953, about the 
illicit sale of fireworks in model-law 
states. He quoted an article in the 
Hartford Times of July 6, 1951, which 
estimated that the fireworks business 
in the one small state of Connecticut 
ran to about seven millions a year. Dr. 
Foote mentioned the disclosure just 
made in the same state of a $1,500 bribe 
given a legislator by a fireworks manu- 
facturer who was fighting the intro- 
duction of the model control law into 
Connecticut. Both the manufacturer 
and the legislator were convicted in 
Superior Court, and their appeal was 
denied by the state Supreme Court. 
Partly as a result of this scandal, the 
Connecticut legislature promptly passed 
the model control law. 
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Dr. Foote’s testimony was unwit- 
tingly supported by Representative 
Miller himself, who testified at the 
same hearing that he represented some 
Maryland fireworks manufacterers who 
would be put out of business if they 
could not continue to bootleg fireworks 
into states where their sale was illegal. 


The Miller bill failed to find support, 
and in 1954 the Church-Wiley measure 
was approved by Congress, and became 
Public Law 385. It has had on the 
whole a salutary effect in helping the 
states to enforce fireworks control. The 
law makes it a federal offense to trans- 
port fireworks into any state in a man- 
ner or for a use prohibited by the laws 
of that state. Offenders are subject to 


a maximum fine of $1,000 or a year’s 
imprisonment, or both. However, this 
has not stopped bootlegging, nor at- 
tempts by the fireworks interests to kill 


off the model state laws by a specious 
federal measure. 


Kefauver-Chavez Bills 
One of the opponents of the Church- 
Wiley bill was Senator Estes Kefauver 
of Tennessee, who introduced a fire- 


works manufacturer from his state at 


one of the hearings to argue against 
the bill. On March 5, 1955, Senators 
Kefauver and Dennis Chavez introduced 
a bill identical with the Miller measure, 
except that it put the responsibility for 
determining the safety of fireworks on 
the Federal Trade Commission instead 
of the ICC. This attempt came to 
nothing, but on March 14, 1957, it re- 
appeared unchanged as a bill sponsored 
by Senator Chavez. 


A tremendous storm was aroused by 
this bill, S. 1499. All the forces work- 
ing for safety were mobilized, and pro- 
tests poured into Congress. Like the 
ICC, the Federal Trade Commission did 
not relish the idea of taking on a task 
quite outside its prescribed functions. 
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In a letter to Dr. Foote of July 5, 1957, 
John W. Gwynne, chairman of the 
FTC, wrote: 


‘The law presently places upon the 
Interstate Commerce Commission the 
duty of prescribing regulations to pro- 
mote the safe transport of explosives 
and other dangerous articles. That 
Commission has promulgated various 
regulations relating to such articles, 
including fireworks. Section 836 of 
Title 18 of the United States Code 
[Public Law 385] prohibits the trans- 
porting of fireworks into any State for 
use or disposition in violation of that 
State’s law. Thus, such proscription or 
regulation of fireworks as each State 
deems desirable in the interest of its 


citizens is reinforced by a Federal penal 


sanction, and lawful movement of fire- 
works in interstate commerce is regu- 
lated as to safety by the Interstate 
Commerce Commission.”’ 


Mr. Gwynne added that at the direc- 


tion of the Commission he had reported 
to the Senate: ‘‘This Commission has 
no information indicating a need for 
any additional prohibition or regulation 
[of fireworks] and therefore does not 


recommend enactment of S. 1499.”’ 


The Chavez bill was never brought to 
a vote, but the fireworks interests are 
busy on the state level. 


Recent Decisions 


On the plea that a model state law 


bars perfectly harmless devices, fire 
works interests have recently made two 
attempts to kill state laws by having 4 
toy declared harmless. 


In August 1957 a Franklin County 
judge in Pennsylvania declared the state 
fireworks act of 1939 unconstitutional. 
Presiding Judge Chauncey M. Depuy o! 
the quarter sessions court rendered a de 
cision in the case of a toy cannon if 
which acetylene is exploded. He 
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STATE FIREWORKS CONTROL LAWS 
As of January 1959 


Sale and Use Restricted to Authorized! Public Displays (Model Law) 


Alabama 1949 Kentucky 1950 North Carolina 1947 
Arizona 1941 Maine 1949 Ohio 1941 
Connecticut 1953 Maryland 1941 Oregon 1951 
Delaware 1939 Massachusetts 1943 Pennsylvania 1939 
Florida 1941 Michigan 1929 Rhode Island 1942 
Georgia 1955 amended 1942 Utah 1939 
Idaho 1949 Minnesota 1941 Vermont? 1946 
Illinois 1950 New Hampshire 1943 West Virginia 1939 
Indiana 1939 New Jersey 1937 Wisconsin 1947 
amended 1947 New Mexico 1949 
Iowa 1937 New York 1940 


Limited to Certain Specified Types and Sizes 


Arkansas Montana South Dakota 
California Nebraska Virginia 
Colorado North Dakota Washington 
Kansas South Carolina Wyoming 
No Statewide Control 
Alaska Missouri Tennessee® 
Louisiana Nevada Texas 
Mississippi Oklahoma 








‘Unrestricted sale and use of toy paper caps in accordance with terms of model law permitted in 


most of these states. 


2Regulations of the State Fire Marshal, having the force and effect of law. 
3Fire Marshal Regulations control public displays of pyrotechnics but do not apply to individual 


use of fireworks. 


claimed the toy was harmless, and he 


was wrong on that score, since the de- 
vice, the ‘‘Big Bang Toy Cannon,”’ had 
been investigated by the National Fire 
Protection Association, which consid- 
ered the calcium carbide mixture in the 
gun a menace to children — or adults, 
for that matter. However, the real im- 
port of this decision was that it went 
on to rule that Pennsylvania’s model 
law violated the 14th Amendment of 
the U. S. Constitution, in that it inter- 


fered with the privileges of a citizen. 


Judge Depuy said the law was too gen- 


eral, prohibiting the sale ‘‘of any com- 
bustible or explosive composition or 
combination.”’ 


If the decision of this county judge 
had been upheld by the Superior Court, 


every model control law in the country 
would have been in danger. But the 


Commonwealth appealed, and the de- 
cision was reversed in a unanimous 
Opinion on January 21, 1958. The fire- 
works law was upheld, and Judge C. H. 
Rhodes, who wrote the opinion, de- 
clared that the toy cannon was not 
harmless, and ‘‘children in particular 
need protection from such devices.”’ 
Sparklers are Deadly 

In Illinois the fight to break the con- 
trol law has centered around sparklers. 
On April 19, 1955, the state Supreme 
Court rendered a decision in a suit 
brought by fireworks interest that 
sparklers were harmless and exempt 
from the provisions of the model law. 
The court did not declare the law itself 
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invalid, but at least the fireworks lobby 
had made inroads into its effectiveness. 
The next year the Illinois Society for 
the Prevention of Blindness found that 
sparklers accounted for 20 serious acci- 
dents and the death of a little girl. From 
1950 through the July Fourth celebra- 
tion of 1956, seven of the 11 deaths due 
to fireworks were caused by sparklers. 


These allegedly harmless devices burn 
at 1,650 degrees Fahrenheit, leaving a 
steel core hot enough to sear flesh or set 
clothing afire. 

The Society began a fight in the state 
legislature, with the fireworks lobby 
battling every step of the way, and in 
1958 got a bill passed banning the sale 
of sparklers. The fireworks lobby is 
now trying to get the law repealed, and 
the fight continues. 


Bootlegging Continues 

Right across the country there is a 
pattern of illegal sale of fireworks. Two 
Oregon boys hitchhiking across the 
border into Washington, where fire- 
works are not completely controlled, 
bought $15.00 worth of firecrackers to 
be sold at home at modest profit of 100 
per cent. Similar reports come from 
many other states. 











The biggest operators, of course, are 
professional bootleggers. In 1956 the 
Bergen County, N. J. police were re- 
ported to have said that illicit trade in 
firecrackers, Roman candles, skyrockets, 
cherry bombs and other dangerous fire- 
works had reached the highest level 
since 1937, when the New Jersey control 
law went into effect. 


Salesmen were bringing carloads of 
fireworks into the state from unre- 
stricted areas and peddling them to 
children on abandoned lots and even at 
school street crossings. Openly adver- 
tised in comic books and children’s 
magazines, fireworks were being 
shipped into the state through the mails 
or by express. In one town weeks be- 
fore the Fourth, the police had found 
children setting off bootlegged fire- 
works, and had confiscated and de- 
stroyed quantities of them. Even more 
dangerous were homemade fireworks, or 
defective ones sold by small operators. 

When the laggard states join their 
sisters in passing the model control law, 
and when interested citizens in all states 
remain alert to the many dangers still 
inherent in our manner of celebrating 
our national birthday, it will deserve 
its rather premature title of ‘‘glorious.”’ 
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New York’s BIG Fire Prevention Campaign 


By Edward F. Cavanagh, Jr. 


Fire Commissioner, City of New York 


The major difference between the Fire 
Department of the City of New York 
and the most recently organized fire de- 
partment in this nation is one of size. 
We both face the same dangers and the 
same pain. The New York Fire Depart- 
ment budget for the current fiscal year 
is $108,639,424. It has approximately 
2,247 officers, 9,464 firemen and 745 
civilians, a total of more than 12,400, 
the largest number in the Department's 
history. This article will concentrate 
on our fire prevention activities. 

Actual fire fighting takes only a small 
part of a fire fighter’s working hours. 
Our entire Department keeps fully oc- 


Based on an address by the author at the 63rd 
NFPA Annual Meeting held June 1-5, 1959 in 
Atlantic City, N. J. 


cupied during most of its working hours 
in fire prevention activities. This is 
done on the basis that most fires are 
preventable and a perfect job of fire pre- 
vention will result in fewer fires and 
fewer casualties to both civilians and 
to the fire fighters. For these and other 
reasons, we regard fire prevention as 
more important than fire fighting. 


Apparatus Field Inspections 

Inspection of buildings has always 
been recognized as a potent factor in 
preventing fires. When I became Fire 
Commissioner in February 1954, I de- 
cided it was time to supplement the 
time-honored practice of using separate 
building inspectors with ‘‘apparatus 
field inspections.’’ This method of 
checking fire hazards, by which fire 





Night crowds gather to hear Commissioner Cavanagh give a fire prevention lecture 
on St. Anns Avenue and East 138th Street, an uptown New York shopping district. The 
apparatus is in radio contact with fire alarm headquarters so it could respond to an emer- 
gency as promptly as if in the station. 
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gp EAVE CHitonen ALONE 


LO ALONE MAY CAUSE FIRE 
TRAGEDY! 





After 5 children died on November 20, 1958 in Brooklyn while being left unattended, a 


special educational drive was started to warn parents of this proven danger. 


These pro- 


cedures to bring the real lessons on life safety to the people indicate the vigor of the present 


fire prevention work in New York City. 


fighters do inspections operating from 
their radio-equipped apparatus, started 
in April 1954 in New York City and the 
results have been most gratifying. In 
the remaining nine months of 1954, 
there were 178,926 of these inspections. 
The total number of inspections jumped 
to 1,237,852 in 1958, and, of these, 
692,458 were by apparatus field inspec- 
tion. Each year since 1954, with one 
exception, there has been a decrease in 
the number of fires over the previous 
year. This was a definite reversal in the 
previous trend which had indicated a 


rise in fires from approximately 27,000 
to 54,000 in a two-decade span. 


In apparatus field inspection, the en- 
tire city is divided into numbered 
blocks. Specific blocks are designated 
for inspection each day, and the pro- 
gram in every local area is supervised by 
the Department’s Fire Prevention Co- 
ordinator. This type of inspection does 
depend on having two-way radio in- 
stallations in all apparatus to enable 
the entire crew of officers and men to 
make the inspections while remaining 
in service for response to fires. The 
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The Monarch Underwear Company fire, mentioned by Commissioner Cavanagh, took 
the lives of 24 employees in this unsprinklered, 5-story brick wood-joisted building on 
March 19, 1958. Eight of the victims jumped from fourth story windows as they discovered 
that smoke and heat blocked the stairshaft they were accustomed to use. The others froze 
at the stair exits and died of suffocation and burns in the fourth story. The fire originated 


on the third floor in a gas-fired oven used for drying cloth being printed by the silk-screen 
process. 
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public is informed that: ‘“This unit is 
performing apparatus field inspection 
duty. In addition, it will respond to 
alarms of fire as received by radio.”’ 


Commercial occupancies are com- 
pletely inspected from roof to cellar. 
All violations are noted and the respon- 
sible persons are notified in writing. 
Follow-up inspections are made to in- 
sure compliance. Activities in private 
and multiple dwellings are confined to 
store occupancies, cellars, public hall- 
ways and similar areas, excluding 
apartments. 

The entire crew of each unit benefits 
from these inspections by acquiring new 
knowledge relating to the premises. 
The property owner or building occu- 
pant benefits, not only by being alerted 
to fire-breeding conditions but also just 
because the Fire Department becomes 
familiar with his property and, if a fire 
occurs, this assures that it can be con- 
fined and extinguished with greater 
efficiency. On occasions a property 
owner or business executive will resent 
the presence of an inspector. In these 
cases the inspector usually gains his 
confidence and respect by impressing 
him with the fact that the object is not 
to persecute, but to counsel and to be 
helpful. Accumulations of rubbish, 
blocked exits and insufficient fire extin- 
guishers are frequently discovered in the 
course of these inspections, and the 
public is invariably cooperative when 
the dangers are made evident. 


Special Hazard Inspections 


In addition to this type of inspection, 
chief officers have a schedule of inspec- 
tions to make. They usually devote 
themselves to the more hazardous loca- 
tions within their administrative dis- 
tricts. This assures that not only will 
these buildings be better maintained 
from a fire hazard viewpoint, but the 
inspections give the chief officers the 
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Opportunity to plan in advance the 
fighting of any fire that may develop. 


Inspectors assigned to the district 
offices spend all their working time in- 
specting buildings. Although members 
of the uniformed force, they are relieved 
of all fire-fighting duty. 


At the headquarters offices, civilian 
engineers work at their specialties. 
There are, for instance, special units for 
blasting operations and for electrical 
inspections of fire alarm installations. 
Where unusual chemical storage prob- 
lems are encountered, chemical engi- 
neers are available to make the inspec- 
tions and recommendations. 


Special Campaigns 
All these inspections are supplemented 
by special inspectional campaigns in 
high-fire-incidence or high-hazard areas. 


Garment and Millinery Plants 

Early in 1958, for instance, mass in- 
spections by selected teams were made 
in the lower Manhattan loft building 
area, which is the greatest fire hazard 
area in New York City. In the course 
of this special effort, 7,544 occupancy 
inspections were made in 1,990 build- 
ings. A total of 8,129 combustible vio- 
lation orders were issued and 2,023 vio- 
lations were referred to other city 
departments. Summonses for serious 
fire safety violations were served on 
owners of 72 factories. 


While this inspection was under way, 
on March 19, 1958,* we had one of our 
most tragic fires in the Monarch Under- 
wear plant at 699 Broadway where 
twenty-four unfortunate workers lost 
their lives. As a matter of fact, the in- 
spection of these fire traps had been 
going on steadily for two years. This 
dreadful fire only emphasized the fact 
that if the Fire Department were several 


*See April 1958 Fire News, pages 4-5. 
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NEW yYorK’s BIG FIRE 





This oil stove, being exhibited on a F.D.N.Y. 
fire truck for educational purposes, was the 
cause of a fire fatal to 5 persons on February 1, 
1958 in Brooklyn, N. Y. 





The photo shows the extent of the damage 
to the multi-story tenement building in which 
the stove shown above was used. A cam- 
paign to rid the city of these stoves has re- 
sulted in a sharp reduction in loss of life from 
this cause. 
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times its size and if it were to stay on 
the job continuously for two or more 
years, it could not possibly clean up all 
the fire hazards in this particular area. 
It must also be remembered that there 
are several other sections in the city 
where the same sad conditions prevailed. 


Accordingly, two things were done 
immediately. First, we had local legis- 
lation enacted tightening the fire laws. 
Second, and by far the more important, 
we organized a fire warden system in 
each of the thousands of garment and 
millinery plants. This was possible 
only through the active cooperation of 
the city’s top labor leaders. David 
Dubinsky, head of the International 
Ladies Garment Workers Union, which 
had lost 18 of its members in the Mon- 
arch fire, took the initiative in this 
movement. We have trained all these 
fire wardens, who now number 6,550, 
working in as many factories. They 
are doing a grand job. 

Schools 

We have always inspected schools and 
our school authorities have been active 
in this regard. However, immediately 
after the dreadful tragedy in a Chicago 
school,* which took the lives of 91 little 
children and three nuns, we made a 
sweeping and unprecedented inspection 
of all New York City schools. I issued 
the order on December 2nd, the day fol- 
lowing the disaster. Between Decem- 
ber 3rd and December 22nd, we in- 
spected 2,044 schools. We closed 36 
schools in this intensive drive because 
of fire hazards. In these inspections, we 
had the wholehearted cooperation of 
the heads of our schools, public and 
private. 


Obviously, this is not enough. An- 
other Chicago school fire can be averted 
only by constant vigilance. Starting 


*See January 1959 QuarTERLy, pages 155 to 175 
Reprinted in pamphlet form as Q52-8, 25 cents a 
copy ). 
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this year, we will have two thorough 
inspections of all schools annually, one 
in April and May and another in Sep- 
tember and October. The 1959 spring 
inspection has been completed and we 
were highly gratified with the results. 
Besides these spring and fall inspections 
of the schools, our battalion chiefs make 
monthly spot checks. 
Hospitals and Other Institutions 

In January of this year the 36 public 
and 164 private hospitals in New York 
City were inspected. We found 153 vio- 
lations in the public hospitals and 713 
violations in the private hospitals. All 
these violations were corrected. 


In March similar inspections were 
made in nursing homes, asylums and 
other institutions. Comparatively few 
violations were found because similar in- 
spections had been made last November. 


Some Inspections Resented 


Occasionally these inspections are 
deeply resented. Just a few weeks ago, 
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our officers and inspectors visited a Fifth 
Avenue department store. We had to 
close it. Two newsmen were present. 
The owners or their agents were down- 
right and unnecessarily offensive. They 
could not ‘put the Fire Department out 
of the building but they unceremoni- 
ously ordered the newsmen to leave, 
threatening to throw them out if they 
did not get a move on and then warned 
them to be careful about what they 
published. All of this was, of course, 
duly reported in the press. This shame- 
ful treatment of the press burned me up 
and I could not help exclaiming: ‘‘What 
you need here is a little courtesy and a 
good public relations man.” 


Kerosene Stove Problem 


Formerly, it was taken for granted 
that a score or so would die annually in 
the City from kerosene oil stove fires. 
For example, in one year we had 27 of 
these needless fatalities. These tragic 
casualties were almost entirely confined 
to the winter months. 





Commissioner Cavanagh lectures a crowd of neighbors on the dangers of portable 


kerosene heaters and kerosene stoves. 


This photo, taken on November 13, 1956, was at 
the corner of Rivington and Suffolk Streets, a heavily populated district of Manhattan. 


NEW york’s BIG FirE 


In the fall of 1954 we began a drive to 
put an end to these deaths. To achieve 
results, the people who were using these 
dangerous kerosene oil stoves and heat- 
ers had to be educated. Thus, each 
time there was a kerosene oil stove 
fatality, we made a spectacular drive in 
the immediate neighborhood of the fire. 
The stove that caused the tragedy was 
mounted on one of our fire engines and 
driven throughout the neighborhood. 
Crowds which gathered were lectured 
in English and Spanish to warn them 
against using defective stoves and the 
hazards of filling them while they were 
burning. Talks were also given on the 
proper care, operation and placement of 
these stoves and these instructions were 
printed in English and Spanish to help 
in this educational program. 

But I was determined to rid the city 
of these stoves. Our Mayor, the Honor- 
able Robert F. Wagner, gave us his 
immediate support. Accordingly, our 
anti-kerosene stove law was enacted on 
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December 8, 1955. This law made it 
illegal to have kerosene stoves in any 
building not a dwelling on and after 
January 1, 1957; in private dwellings on 
and after November 1, 1957; in tene- 
ments with ten or more apartments, 
hotels and rooming houses, on and after 
November 1, 1958, and in multiple 
dwellings with less than ten apartments 
on and after November 1 of this year. 
So you see that in a few months we will 
have rid New York City of kerosene oil 
stoves and heaters. 


While this law was gradually ridding 
the city of these dangerous contrivances, 
we continued the educational campaign 
with unabated vigor. That we were 
effective is evident from these figures: 
in the winter of 1955-1956: six deaths; 
in the winter of 1956-1957: nine deaths; 
in the winter of 1957-1958: eighteen 
deaths, and in the late winter months of 
1958: one death. We have had no 
deaths so far this year from kerosene 
stoves. 
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Protecting Middle Eastern Petroleum Plants 


By George F. Prussing 
Consulting Fire Protection Engineer 
Member, Society of Fire Protection Engineers 


Most of the oil exported from the 
Middle East comes from four countries, 
Kuwait, Saudi Arabia, Iran and Iraq. 
In addition, sizable amounts are pro- 
duced in the Kuwait Neutral Zone and 
the Shaikhdom of Qatar, and smaller 
amounts on the Island of Bahrain and in 
Egypt. The total is very roughly 25 
percent of the oil production of the free 
world. But the oil discovered and not 


yet produced in these fields is close to 
two-thirds of the total reserves of petro- 
leum of the free world and therein lies 
the strategic importance of this area. 


Last year in one of the Middle East 
oil refineries in the Persian Gulf —a 
very large and modern plant — a job of 
drumming gasoline for export was in 
progress. It was a special order for a 
friendly government and the drums were 
branded with the symbol of the govern- 
ment and the destination. A huge stor- 


age area was filled with drums, in long 
rows, the drums lying on their sides and 
piled three high. Narrow aisles led 
through the piles. 


The drumming plant shut down at 
4:30 in the afternoon. It was still day- 
light, when, a few hours later, a local 
employee saw smoke rising from the 
center of the drum storage area. He ran 
to the nearby gate and gave the alarm 
to the gateman who telephoned it to 
fire headquarters. Now, in the early 
days of the Middle East oil business, 
Native workmen were not presumed 
capable of handling emergencies and 





_Based on an address by the author at the 63rd 
NFPA Annual Meeting held June 1-5, 1959 at 
Atlantic City, N. J. 


hence never touched fire equipment. 
But this man had been trained in the 
refinery’s fire school. He therefore ran 
to the ‘‘ready-hose’’ station nearest to 
the fire, unreeled the hose and actually 
had put out the fire with his small, high- 


pressure water hose stream and fog-tip 
when the fire department apparatus 


arrived. 


Then it was discovered that a spectac- 
ular blaze had involved the drum filling 
house. All of the sample cocks on the 
filling lines had been opened into the 
sampling sink and had been set afire. It 
did not take long to unpressure these fill 
lines and kill the fire. 


Obviously both fires were incendiary; 
the drum fire was the major attack and 
the drum house fire was a diversion. 
Fortunately, they were discovered and 
put out in that order. Had the drum 
storage fire gotten out-of-hand it would 
have been tragic, for drums will burst 
and scatter in all directions. I recall one 
in Christchurch, New Zealand, where 
some of the rocketing drums were said to 
have gone 600 feet into the air. 


Here was a local Arab workman who 


had been trained in a fire school to do a 
number of simple things in a given order 
in case of fire; he called the fire depart- 
ment first and then he did his best with 
the ready equipment that had been 
strategically located. In that one fire 
he justified all that had been spent over 
the years in making every workman 
an auxiliary fireman. 

While an old story in the United 
States, this concept of teaching fire pro- 
tection to the lowest order of workmen 
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in a plant is an American importation 
into the Middle East, where, in earlier 
days, all supervisors were British. The 
British Fire Masters came from the Brit- 
ish Fire Service and hence were trained 
in the municipal rather than the indus- 
trial approach to the problem. They 
organized excellent fire companies, al- 
ways staffed with British officers, and it 
was rare indeed to find an Arab except in 
the ranks. No workman was ever al- 
lowed to touch a piece of fire apparatus, 
except under direct supervision and 
orders. The change from this system 
has been gradual but in most locations 
you will now find extensive use of 
‘‘ready-hose’’ stations and hundreds of 
workmen who have been through 
schools where they have handled simi- 
lar apparatus against test fires. 


Loss of Production Most Important 


The approach to fire protection in 
any situation depends greatly on the 
economics of the enterprise. One ques- 
tion that must be asked is whether the 
possible fire loss will be in goods and 
structures or in loss of production. An 
example of a facility in which produc- 
tion was far more important than struc- 
tures was Kuwait in 1951. You will 
recal] that in that year Iran nationalized 
its oil business and the Anglo-Iranian 
Oil Company withdrew its technicians 
from Abadan under the guns of a British 
cruiser. Mr. Mossadegh was going to 
try to run the company facilities with 
local labor but, because of an embargo, 
he never succeeded. 


Meanwhile a gap of nearly three 
quarters of a million barrels a day of 
crude production had to be filled from 
other fields and Kuwait was one of the 
two most ready to pick up the load. 
Kuwait was then producing about 
400,000 barrels a day but its wells were 
capable of being opened-up to double 
that output. The only question was 
whether the oil handling and loading 
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facilities could take this enormous over- 


load. Careful engineering studies were 
made, and as part of these, a catastrophe 
fire survey was undertaken. 

This was my introduction to the 
Middle East and the fantastic volumes 
of oil that are handled there. What was 
done to raise the level of fire protection 
was based not on the value of isolated 
wells and pump-houses but on the effect 
that a fire would have on the daily 
shipment of a million barrels of oil, the 
profit on which (shared 50-50 with the 
Shaikhdom of Kuwait) was said to be 
about $1.60 a barrel. Wherever possible 
water was made available for deluge 
systems for the equipment that handled 
the oil, equipment that could not be re- 
placed in case of fire in less than a year’s 
time. 


I found a completely British fire or- 
ganization in Kuwait, staffed by some 
of the most capable fire officers I have 
ever met. Their cooperation was com- 
plete and was reciprocated by sending 
the Fire Master to the United States for 
an intensive review of American oil 
company fire facilities and organiza- 
tions. It is a credit to these men that 
not once in the history of this company 
has there been an interruption to pro- 
duction as a result of a fire. 


There have been some sad occasions 
where fire training of plant personnel 
had not been given and where, as a 
result, fires have gotten away. One of 
these was in Baghdad last summer, 
shortly after the revolution in mid- 
July. A large bulk oil depot in that 
city was run by a local staff, under a 
Government oil authority. One after- 
noon, as a result of an error of some 
sort, a large cone-roofed steel tank blew 
its roof and took fire. 


A tank fire is not necessarily a great 
problem, if men are trained and equip- 
ment is available. In this case there 
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was no equipment other than the 
Baghdad municipal fire department. A 


trained American crew, together with 
foam compound and special applicators 
were brought from a nearby refinery. 
But in the confusion and hostility re- 
sulting from the recent revolution, the 
American crew never got to the fire site 
and were lucky to escape with their 
lives. As a result, the fire slowly 
travelled from tank to tank until the 
entire plant was lost. 

One of the great problems in the 
Middle East is that the oil horizons are 
both prolific in volume and high in 
pressure. Consequently exploratory 
wells sometimes take fire and there 
has been a series of these, amounting 
roughly to one each year or two, that 
have had to be capped or killed by ex- 
traordinary techniques. Mr. Myron 
Kinley of Houston, Texas, and his two 
assistants, have individually been called 
out on practically all of these fires and 
have never failed in their tasks. The 
skill and courage of these men can 
hardly be appreciated unless one has 
actually seen them in operation. 


There have been a few lightning fires 
on a particular design of floating roof 
that gave some concern, although the 
fires were small and easily extinguished. 
They apparently resulted from light- 
ning induced static charges, not direct 
hits, and have been overcome by simple 
modification of the roof design. 


Generally speaking, the oil companies 


provide the most modern facilities and 
in some cases maintain elaborate munic- 
ipal type fire departments, in addition 
to training their plant personnel as aux- 
iliaries. The reason for these elaborate 
installations is that the employee camps 
are large and usually have no fire service 
other than that supplied by the com- 
pany. A notable exception is the City 
of Kuwait, which has not only a mu- 
nicipal department but an airport crash 
unit, all staffed by Kuwaitis. This city 
has also gone far in tearing down the 
date-matting houses that were once the 
only homes available to the poor, and 
has replaced them with concrete block 
houses. 

What we from America have added 
to the protection of these immensely 
valuable facilities has been the training 
of the men on the job in handling small 
hose streams equipped with fog tips, so 
that they can confine if not extinguish 
incipient fires after an alarm has been 
given. Those of you who have ever 
introduced this system will agree with 
me that not only is it immensely valu- 
able as a fire control technique but that 
it also pays large dividends in reducing 
fire incidence. Workmen trained in fire 
control simply have less fires than those 
untrained. Middle East fire protection 
in its oil facilities has always been good 
and I am glad that we have added one 
additional technique that is part of the 
American way of life. 








The Bermudiana Hotel Fire 


On the afternoon of September 4, 1958, 
a fire of undetermined cause destroyed 
the 30-year-old Bermudiana Hotel in 
Hamilton, Bermuda. There were no 
deaths, and injuries were minor. The 
property damage is estimated at £850,- 
000 ($2,380,000). 


Construction and Protection 


The 142 ft. by 188 ft. 6-story and base- 
ment structure was constructed of 


Based on a report furnished by W. Petty, Chief 
Fire Officer, Hamilton Volunteer Fire Brigade. 


stuccoclad stone walls, wood-joisted 
floors and a roof of concrete slabs on 
exposed steel framing with a built-up 
roof covering. The interior partitions 
were wood studs with a plaster finish. 
The two interior stairwells were open 
from the basement to the top floor. 
These stairwells were on opposite ends 
of the building; there were no fire doors 
at floor openings nor were there smoke 
barriers in the connecting corridors. 
The Hotel’s private fire protection 
system consisted of two 1!4-inch hoses 
at each floor level, one in each of the 





Wide World Photos 


The fire which destroyed the unsprinklered Bermudiana Hotel in Hamilton, Bermuda, 


burned from the top down. 
from the progress of the fire. 


The scene above was probably taken shortly after 6 P.M. judging 
This was 1% hours after the Fire Brigade was called and three 


hours after smoke was first noticed by an outsider who did not give the alarm. 
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two stairwells. These hose lines were 
supplied by a 700-gailon roof-mounted 
water tank. The tank was normally 
filled by an automatically controlled 
electric-driven 75- to 100-gallon-per- 
minute pump located in the basement. 
There was also a manually controlled 
electric-driven similar sized pump con- 
nected directly to the standpipe system. 
Both of these electric pumps had manu- 
ally-started, gasoline-engine-driven 
standby pumps to take over in emer- 
gencies. 

Portable fire extinguishers made up 
the rest of the fire protection equipment. 
There was no automatic sprinkler or 
fire detection system, no manual alarm 
or evacuation signaling system, no 
organized private fire brigade and no 
emergency fire plan for the hotel. 


The Discovery of the Fire 


About 3:00 P.M. an employee of an 
oil company in a nearby building 
noticed smoke that appeared to be 
coming from the roof of the Bermudiana 
Hotel, but, because she saw a workman 
on the roof, thought no more about it. 
The workman was evidently unaware 
of the smoke as he later stated that he 
neither smelled nor saw smoke while 
he was on the roof or as he shortly there- 
after went through the attic space on 
returning to the interior of the hotel. 
About 3:50 P.M. the oil company em- 
ployee saw the smoke getting worse 
and called it to the attention of her co- 
workers. Sometime between 4:00 and 
4:15 P.M. one of the women called the 
hotel to see if they were aware of the 
fire. 

Upon receipt of the call the hotel 
telephone operator immediately passed 
the message on to the assistant hotel 
manager. The assistant manager told 
the operator to call the building en- 
gincer and reports he also told the oper- 


ator to call the fire department. He 
then went quickly to the sixth floor. 


Arriving on the top floor the assistant 
manager at first could neither see nor 
smell smoke but as he approached one 
end of the top floor be began to smell 
smoke. When he opened an attic 
ladder closet, he saw smoke: sticking 
his head into the attic space, he could 
see flames. 


His first effort was an attempt to 
discharge an extinguisher on the flames. 
However, this attempt failed because he 
did not operate the extinguisher prop- 
erly. He was able to operate a second 
extinguisher, but it had little effect on 
the fire. 


At this point the building engineer 
arrived, bringing a charged hose line 
from one of the standpipe outlets. He 
used this hose to direct a stream into the 
attic, but unfortunately the basement 
pump had not yet been started so the 
water pressure was very poor, amount- 
ing to only a few feet of head from the 
700-gallon roof-mounted tank. A few 
minutes later the pump was started and 
water pressure improved considerably. 


The assistant manager next checked 
the sixth floor room over which most of 
the flames in the attic space were con- 
centrated. He found the room filled 
with smoke and, on breaking open a 
partition, he found flames which ap- 
peared to be spreading up through the 
concealed wall space. 


The Alarm of Fire 


After calling the building engineer, 
the hotel telephone operator tried to 
call the fire department. She reported 
that she twice found the line “‘busy”’ 
and finally settled for a call to the police 
department. By this time even an an- 
nouncer for Radio Bermuda had seen 
the fire from his studio and had broad- 
cast this fact over the air. Still no one 
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As the night progressed the fire continued to move down through the building. With 
the delayed alarm, the fire had progressed beyond the capabilities of the fire equipment on 
the island. This loss is a vivid example of the need for automatic sprinkler protection in such 
properties. 


had given the alarm to the Hamilton 
Fire Brigade, not even the police. By 
the time the police arrived, additional 
hotel employees and even some of the 
guests were working at the fire scene. 


At 4:37 P.M., approximately 1! 
hours after smoke was first seen by an 
outsider, a call was received by the 
station keeper at Hamilton Fire Brigade 
headquarters. A construction foreman 
at a nearby project had spotted the fire 
and turned in the alarm. The station 
keeper called the hotel to confirm the 
story and satisfying himself that it was 
not a false alarm sounded the general 
alarm signal. 

The Fire Fighting 

The first truck left the station three 
minutes after the alarm sounded and 
within 10 minutes the volunteers had 


three more trucks on the way. The 
station keeper ran to the street and see- 
ing the seriousness of the fire called the 
Air Force Base (call received 4:50 P.M.) 
and the Fire Brigade in St. George’s. 
The Air Force Base agreed to request 
additional help from the Naval Base. 


The first arriving units of the Hamil- 
ton Fire Brigade found the roof and 
five rooms on the top floor well ablaze. 


An electric company employee re- 
sponding to the fire cut all electrical 
power to the building on his own in- 
itiative. This stopped the electric 
pumps, the elevator (which fortunately 
was not between floors) and cut off all 
the hotel’s lights. The gasoline-powered 
emergency pump for the standpipe 
could not be started as the batteries 
were dead. 
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Some of the 215 guests registered at 
the hotel were stumbling around in dark 
corridors trying to find their rooms and 
their belongings. No warning was 
given them until about 5:00 P.M. when 
verbally relayed messages were passed 
through the Hotel advising all guests to 
leave. 

At 5:05 P.M. the top floor corridor 
ceiling began to collapse. 


Successive attempts to cut off flame 
spread were made by fire fighters on the 
two upper floors as the fire continued to 
burn down via the open stair shafts and 
within the concealed wall spaces. The 
weakened roof supports began to col- 
lapse about 5:20 P.M. as a stand was 
being planned for the fourth floor. This 
evidence of structural weakening forced 
the end of interior fire fighting. The 
fire then relentlessly consumed the en- 
tire building leaving only the walls and 
interior steel framing. 


The assembled fire brigades used 
hydrants, two swimming pools and the 
harbor, only 300 feet away, to obtain 
water for their interior and exterior hose 
streams. 


The Lessons 


Though the exact origin and cause of 
this fire has not been established and 
probably never will be because of the 
extent of the damage, the lessons of this 
fire are not obscure. 


The principal reason for the destruc- 
tion of this large hotel was the lack of 
a complete automatic sprinkler system. 
Had this $2,000,000 structure been so 
protected not only would the alarm 
have been given early in the fire but 
also the fire would have been quickly 
extinguished if it originated in a room 
as some believe) or would have been 
prevented from spreading into the 
rooms, corridors and attic if it started 
in a wall partition (as others believe). 


Prime responsibility for delayed fire 
department notification in any fire can- 
not be placed on outsiders who see 
smoke and for one reason or another do 
not give the alarm. Hotel employees 
who delay fire department notification 
while they investigate or try to fight a 
fire by themselves could probably be 
accused of criminal negligence in event 
of subsequent legal actions. In the in- 
quiry conducted on this fire, consider- 
able criticism was levelled at the hotel 
management for their preparedness 
shortcomings and their failure to take 
positive steps to report the fire to the 
Brigade.* 


The confusion of the guests resulted 
directly from the failure of hotel man- 
agement to provide any type of manual 
fire alarm system to notify occupants 
that the building had to be evacuated. 
The fact that no lives were lost can be 
attributed to the fact that some hotel 
employees spontaneously searched each 
floor from the top to bottom, room by 
room, before the building became un- 
tenable. If the fire had occurred while 
the guests were sleeping or during hours 
of complete darkness, it is frightening to 
think what might have happened. 


The stair shafts should have been 
enclosed not only to slow the vertical 
fire spread, as in this case, but also to 
provide safe exitways. 


The electricity should have been con- 
trolled from the basement switchboard 
in such a manner as to leave power on 
for the pumps, the elevators, and the 
corridor and stair lights or these essen- 
tial services should have been supplied 
from a separate emergency power source. 
Definite arrangements should be made so 
that utility company employees will 
consult with the fire official in charge 
of the fire before interrupting service. 


*An outline for Hotel Emergency Organization 
can be found in Section 51 of the Building Exits 
Code (NFPA No. 101). 








Carbon Dioxide Flows in Pipes and Nozzles 


By H. V. Williamson, Director of Research 


Cardox Division of Chemetron Corporation 
Member, Society of Fire Protection Engineers 


There has always been an element of 
mystery regarding the flow of carbon 
dioxide through the distribution piping 
of a carbon dioxide fire extinguishing 
system. The pressure drop through the 
piping was an illusive factor that seemed 
to make no more sense than the ques- 
tion of which orifice size to use. This 
well-kept secret could only exist be- 
cause of the vast difference between 
the characteristics of carbon dioxide 
and common noncompressible fluids 
such as water. 


The flow of water in a pipeline is 
accompanied by a uniform pressure drop 
for each increment of pipe. The pres- 
sure drop with carbon dioxide is non- 
linear and increases rapidly near the end 
of the pipeline. The effect of tempera- 
ture on the flow of water is negligible 
as long as the water does not freeze or 
boil. Temperature is very important in 
carbon dioxide flow, because it affects 
the pressure as well as the ratio of liquid 
to vapor in the pipeline. The flow of 
water through an orifice is controlled 
only by the pressure at the orifice. The 
flow of carbon dioxide through an ori- 
fice is controlled not only by the pres- 
sure at the orifice but also by the pres- 
sure in the storage container. 


Carbon dioxide seems to be as change- 
able as one of the fair sex and yet it must 
follow the immutable laws of physics. 
Water and carbon dioxide differ in char- 
acteristics because water is an unchang- 
ing hydraulic fluid of constant density 
while carbon dioxide becomes a vari- 


Based on an address by the author at the 63rd 
NFPA Annual Meeting held June 1-5, 1959 in 
Atlantic City, N. J. 
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able two-phase mixture of liquid and 
vapor in the pipeline. Something simi- 
lar would happen to water if it were 
stored in a pressure vessel and heated to 
a high temperature so that it could be 
expelled by its own steam pressure. 


Self-Energized Flow 

One of the virtues of carbon dioxide 
is the fact that its normal saturation 
pressure is just right for self-energized 
flow through pipelines and nozzles. 
Saturation pressure refers to the boiling 
pressure or the liquefying pressure at 
any given temperature. At O° F. the 
saturation pressure is about 300 pounds 
per square inch absolute (psia). At 44° 
F. it is about 600 psia and at 74° F. it is 
about 900 psia. The maximum satura- 
tion pressure of 1,072 psia would occur 
at the critical temperature of 87.8° F. 
when the filling density* is about 47 per- 
cent. Normally a cylinder is charged to 
68 percent density and is completely full 
of liquid at about 80° F. A further in- 
crease in temperature will result in 
“‘super’’ pressures above the normal 
saturation level. 

The pressure in the storage container 
supplies energy to expell the liquid 
through a dip tube terminating near the 
bottom. As liquid flows out, the re- 
maining portion must expand to fill the 
container volume. The liquid boils so 
as to produce vapor bubbles which rise 
to the surface. As the vapor portion 
expands, some of it is condensed to 
liquid droplets which fall back to the 
liquid surface. This expansion takes 
place at constant entropy since work is 





*Filling. density is the percent ratio of the weight 
of the gas in a container to the weight of water the 
container will hold at 60°F. 
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Figure 1. Free Expansion of Liquid CO. 


being done in expelling the liquid por- 
tion from the container. The main 
point is that there is a steady reduction 
of pressure during the process. The 
average pressure is therefore substan- 
tially less than the initial storage 
pressure. 

The carbon dioxide enters the pipe- 
line as a liquid at saturation pressure. 
At this point there is some energy loss 
due to friction in the pipeline. This 
causes a slight reduction in pressure and 
the liquid boils so as to produce a mix- 
ture of liquid and vapor. As the pres- 
sure continues to drop in the pipeline 
the volume of the liquid and vapor mix- 
ture becomes greater and greater. This 
is illustrated on Figure 1 for saturated 


liquid leaving the storage container at 
300 psia. The expansion in the pipeline 
takes place at constant enthalpy since 
no energy is removed or added. This is 
usually called “‘free expansion’’ as op- 
posed to ‘work expansion’’ against a 
moving piston or through a turbine. 
At the triple point pressure of 75 psia 
there is a tremendous increase in volume 
due to the fact that the liquid flashes to 
snow and vapor. This region must be 
strictly avoided in the pipeline since the 
formation of snow would tend to block 
the discharge orifices in the nozzles. An 
interesting point here is that the area 
under the curve represents the approx!- 
mate energy that is converted to veloc- 
ity energy as the carbon dioxide is dis- 
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charged through the nozzle orifice. 
This energy must be used up through 
turbulence in the nozzle shell if a uni- 
form low discharge velocity is desired. 


The amount of expansion as the pres- 
sure is reduced is a function of the satur- 
ation pressure of the liquid entering the 
pipeline. When the saturation pressure 
is high the relative amount that is con- 
verted to vapor will also be high. For 
comparative purposes the volume at 
reduced pressures of liquid leaving the 
storage vessel at 600 and 900 psia is also 
shown on Figure 1. It is plain to see 
that the expanding volume of the car- 
bon dioxide liquid and vapor will have 
a profound effect upon the pressure drop 
in the pipeline and also upon the dis- 
charge rate through an orifice. 

The theoretical aspects are very inter- 
esting and rather involved technically. 
Our Assistant Director of Research, J. 
C. Hesson, was able to use this subject 
for his M.S. thesis and also his Ph.D. 
thesis from the Illinois Institute of 
Technology. His work provides a 
theoretical basis for computing flow 
conditions. 


Discharge Rate Through Orifices 


There is no simple equation to deter- 
mine the discharge rate of carbon diox- 
ide through an orifice as there is with 
water. The flow rate through an ori- 
fice must necessarily be a function of the 
pressure and also of the ratio of liquid 
to vapor present in the carbon dioxide 
entering the orifice. Since the situation 
is very complicated the desired infor- 
mation can be obtained only by actual 
testing under carefully controlled con- 
ditions. The information shown on 
Figure 2 was obtained in this manner by 
Hesson. This shows the discharge rate 
through an orifice having an area of 1 
square inch. The test orifice had a well 
rounded inlet so that the hydraulic dis- 
charge coefficient was very nearly 100 


percent. The theoretical discharge rate 
for water through the same orifice is 
also shown for comparison. 


The upper envelope represents the 
flow rate that is obtained when carbon 
dioxide entering the orifice is 100 per- 
cent saturated liquid. It is interesting 
to note that the maximum flow rate is 
somewhat less than that obtained with 
water. This is because the carbon diox- 
ide liquid tends to flash to liquid and 
vapor when passing through the orifice 
thus limiting the maximum flow. It is 
also interesting to note that the dis- 
charge rate for saturated liquid at 900 
psia is considerably less than for 600 
psia. The reason for this is the fact that 
the density of the liquid is considerably 
less at the higher pressure and there is 
probably a greater tendency to flash to 
vapor in passing through the orifice. 


The bottom portion of the envelope 
represents the flow of saturated vapor 
through the orifice. The area within 
the envelope represents the flow rates 
obtained when saturated liquid is ex- 
panded to a lower pressure as would be 
the case when there is a pressure loss in 
flowing through a pipeline. For ex- 
ample, saturated liquid at 300 psia will 
flow through this nozzle at a rate of 
about 4,200 pounds per minute. If the 
pressure of the CO, entering the orifice 
is reduced to 200 psia by pressure drop in 
the pipeline, the flow rate will fall to 
about 1,100 lbs. per minute. This 
drastic drop in discharge rate is due to 
the fact that the carbon dioxide enter- 
ing the orifice at the reduced pressure 
contains a considerable amount of vapor 
along with the liquid. 


Flow Rate Through Pipeline 


It is apparent that the pressure drop in 
the pipeline is a very important factor in 
regard to the discharge rate through a 
given orifice at the end of the pipeline. 
The pressure drop in the pipeline is very 
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difficult to obtain through experimental 
data because of the many variables that 
are difficult to control. However, the 
physical and thermodynamic informa- 
tion is available and a theoretical equa- 
tion has been developed giving the rela- 
tion between flow rate, pipe diameter, 
equivalent length and pressure condi- 
tions. There is no point in going into 
the development of this equation at this 





time except to say that it has been 
proven to be quite satisfactory by com- 
parison with test results. 


The theoretical equation is not ex- 
actly simple and it cannot be solved 
directly for pipe diameter or pressure 
drop. Nevertheless, it can be conven- 
iently used for plotting curves from 
which graphical solutions can be ob- 
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Figure 3. Flow Rate Through 200 Ft. of 1 in. Standard Pipe 


tained. For example, Figure 3 shows 
the rate of flow plotted against terminal 
pressure for a 1 inch Schedule 40 pipe- 
line! with an equivalent length of 200 
feet. This is based on a storage pressure 


of 600 psia. 


For any given pipeline and orifice 
combination the flow rate will balance 
off at the point where the terminal pipe- 
line| pressure is just right to produce the 
same flow rate through the nozzle. To 
illustrate this, the flow rate through an 
orifice having an equivalent area of 0.3 
square inches is superimposed on the 
tertainal pressure curve. Both curves 
are, of course, based on the same start- 
ing storage pressure of 600 psia. It will 
be noted that the two curves intersect 
when the flow rate is about 420 pounds 
per minute. This is therefore the flow 


rate for this particular combination of 
piping and orifice area when the storage 
pressure is GOO psia. 

If the storage pressure is changed, the 
terminal pressure and the flow rate will 
also change. On Figure 4, curves are 
plotted for storage pressure of 300, 600 
and 900 psia. The intersecting points in 
each case show the flow rates that will 
be obtained at these storage pressures. 
These points have been connected with 
the dashed line to show the effect of 
storage pressure on the discharge rate. 

The ratio of flow rates shown on 
Figure 4 will hold true only for this 
particular combination of piping and 
orifice size. In other words, the pres- 
sure drop in the pipeline follows a differ- 
ent pattern than the flow rate through 
the orifice. If the size of the orifice 1s 
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reduced we have in effect a new com- 
bination of pipeline and orifice size. 
This will result in somewhat lower flow 
rates and the ratio of flow as determined 
by storage pressure will not be quite the 
same as for the original orifice of 0.3 
square inches. 
Effect of Storage Pressure 

On Figure 5 the effect of storage pres- 
sure is shown using the same piping sys- 
tem but using three different orifice 
sizes. The system with the large orifice 
shows the greatest change in flow rate 
when the storage pressure increases from 
300 psia to 900 psia. The system with 
the smallest orifice shows the least 


change. As a matter of fact, the flow 


rate when the storage pressure is 900 
psia is slightly less than when it is 600 





psia. This can only happen when the 
pressure drop in the pipeline is very 
small. In a practical sense the average 
system will be designed to obtain maxi- 
mum flow with a given size of piping. 
It would be uneconomical to install an 
oversized pipe with an _ undersized 
nozzle. 

To completely analyze the effect of 
storage pressure, a common denominator 
is needed to specify the relationship be- 
tween the piping and the orifice size. It 
so happens that the existing nozzle 
pressure at some standard storage pres- 
sure can be used for this purpose. If 300 


psia is selected as the standard or base 
storage pressure, the nozzle pressure for 


the 0.3 square inch orifice will be about 
185 psia. Any combination of piping 
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Figure 4. Effect of Storage Pressure on Flow Rate 
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Figure 5. Combined Effect of Orifice and Storage Pressures on Flow Rates 


and discharge orifice that gives this 
same nozzle pressure will be effected in 
the same ratio by changes in storage 
pressure. 


Ei+ect of Storage Temperature 


On Figure 6, this relationship is used 
to show the effect of storage temperature 
on flow rate ratio for any combination 
of piping and orifice size. The hori- 
zontal scale is plotted in terms of nozzle 
pressufe when the system is designed on 
the basis of 300 psia storage pressure. 
The vertical scale gives the ratio of flow 
rate as compared to the design flow rate. 
The temperature lines shown indicate 
the storage temperature of the carbon 
dioxide supply. The flow rate ratio is 
based ion the average pressure during the 
discharge of the liquid portion from the 
storage container. 


An interesting point is the fact that 
for very high nozzle pressures (low line 
loss) there is less change in flow rate. 
The end points where the nozzle pres- 
sure is 300 psia indicate a system that 
has no pressure drop in the pipeline. In 
other words, the orifice would have to 
be located right in the bottom of the 
storage container. The information for 
this condition comes from the liquid en- 
velope for the orifice discharge data 
shown on Figure 2. It can be assumed 
that most fire extinguishing systems 
will operate in the nozzle pressure range 
near 200 psia. 


Since the effect of temperature is pre- 
dictable, there is apparently no need to 
calculate flow rates for more than one 
storage pressure. This calculation could 
be made for a storage temperature of 
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70° F, 32° F or for the 300 psia pressure 
which represents a storage temperature 
near 0° F, It is better to base calcula- 
tions on the lowest expected storage 
temperature so that the minimum flow 
rate will be accurately known. Further- 
more, this will provide information on 
the lowest expected nozzle pressures so 
that freeze-up conditions due to low 
pressure can be avoided. 


Practical Design Viewpoint 


So far we have investigated the 
discharge rate through an orifice, the 
terminal pressure and discharge rate 
through a pipe and orifice combination, 
and the effect of storage temperature on 


the discharge rate. The next problem is 
to determine how this information can 
be applied to the practical design of a 
fire extinguishing system. In an actual 
situation we would have several bits of 
information that must necessarily be 
predicated on the nature of the fire 
hazard itself. 


In the first place, the number of noz- 
zles and their location depends on the 
nature of the fire to be extinguished. 
The number of nozzles might be varied 
depending on capacity rating; however, 
each nozzle will have an optimum dis- 
charge rate in accordance with its func- 
tion in extinguishing the fire. This 
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Figure 7. Typical System Diagram 


tends to fix the required discharge rate 
at each nozzle and the total discharge 
rate. The total quantity of CO, is also 
determined by the nature of the hazard. 


Secondly, the location of the CO, 
storage facility with respect to the haz- 
ard will be determined by the local con- 
ditions. This means that the length of 
the pipeline and the number of elbows 
and other fittings as well as the number 
of branch lines are pretty well fixed by 
the local requirements of the installa- 
tion. 

From this information it is possible 
to make a fairly accurate diagram of the 
piping system. A diagram of a typical 
system is shown on Figure 7. If nozzle 
A requires a flow rate of 60 pounds per 
minute and nozzles B and C require 40 
pounds per minute, the flow in the main 
line must be 140 pounds per minute. 
The actual] length of each section of pipe 
must also be determined from the plan. 


From this point it is the designer’s job 
to determine the proper pipe sizes and 
the proper orifice size for each nozzle so 
that the system will discharge at the 
desired rate. 


Before proceeding further, let’s re- 
examine the flow rate problem. If the 
system is to be supplied with low pres- 
sure carbon dioxide, the storage pres- 
sure will always be near 300 psia. The 
flow rate will therefore remain con- 
stant regardless of ambient temperature 
changes. If high pressure storage is to 
be used, the storage pressure will be 
controlled by the ambient temperature. 
The flow rate will thus vary through a 
minimum and a maximum range depend- 
ing on the expected temperature ex- 
tremes. The minimum must not be too 
low for extinguishment and the maxi- 
mum must not be too high. 


Because of these variations we must 
think in terms of a range of flow rates. 


% 





CARBON DIOXIDE FLOWS IN PIPES AND NOZZLES 79 


This can be reduced to a design flow rate 
by adjusting to the storage pressure used 
to design the system. In this diagram 
we will assume that the noted flow rates 
have been adjusted for calculating pur- 
poses to design values based on a 300 
psia storage pressure. By reference to 
Figure 6 this would be about two-thirds 
of the flow rate desired when the ambi- 
bient temperature is 70° F. 


Now, to get back to the problem of 
determining pipe sizes and orifice sizes. 
Pipe sizes can be arbitrarily assigned to 
the main line and each branch line sub- 
ject to further checking. For the next 
step we must have a convenient method 
of determining the pressure at junctions 
F and D and at each nozzle. 


Pressure Drop In Pipeline 


Curves of terminal pressure versus 
flow rate, as shown on Figures 3, 4 and 5 
are not particularly convenient for 
checking complex systems. It is better 
to use curves of line pressure plotted 
against equivalent length for constant 
flow rates. This makes it easier to 
determine line pressures through a wide 
range of equivalent length values. 


A suitable chart for determining line 
pressures at any point in the line is 
shown on Figure 8. This is based on a 
storage pressure of 300 psia and a 1 inch 
standard weight pipeline. The solid 
lines are for various flow rates ranging 
from 100 pounds per minute to 500 
pounds per minute. The dashed lines 
represent the equivalent orifice area that 
matches the intersecting flow rate line 
for the existing nozzle pressure. 

The vertical and horizontal scales are 
not linear but instead have been ad- 
justed so as to spread the working area 
over the whole chart. The vertical 
scale is based on one of the variables in 
the flow equation and tends to spread 
the pressure readings in degree of im- 
portance. In other words a pressure 


drop of 1 psi near the top of the scale is 
just as important as a pressure drop of 
10 psi near the bottom. 


The horizontal scale is based on the 
square root of the equivalent length. 
This spreads out the scale in the short 
equivalent length region and compresses 
the scale for long equivalent lengths. 
The equivalent length region below 10 
feet has been omitted to save room. It 
is never used at any rate because the first 
valve will have an equivalent length 
greater than 10 feet. 


With charts of this type it is a simple 
matter to determine the pressure at any 
point in the system. For example, if the 
flow rate in a pipeline is 250 pounds per 
minute and the equivalent length (start- 
ing from the storage vessel) is 200 feet, 
the terminal pressure as read from the 
chart will be 240 psia. If the line ter- 
minates in a nozzle at this point, the 
equivalent nozzle area would have to be 
slightly greater than 0.15 square inches 
to discharge at the rate of 250 pounds 
per minute. 


Obviously, a separate chart is needed 
for each pipe size that may be used. 
However, this is all that is needed to 
analyze the pressure conditions in a pro- 
posed system and to determine the 
proper orifice area for each nozzle. The 
designer must start at the storage con- 
tainer and work down to the nozzles. 
The pressure at the end of the first sec- 
tion will be the starting point for the 
next section which may be a branch line 
with a different flow rate and a different 
pipe size. If the final nozzle pressures 
are too low or too high, it will be nec- 
essary to adjust pipe sizes and start over. 


Explanation of Terms Used 


You have probably noticed that all 
pressures are given in terms of absolute 
pressure rather than gage pressure. This 
was done because the flow equation is 
necessarily based on absolute pressure. 
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From a design viewpoint it doesn’t 
matter as long as the orifice data is ex- 
pressed in the same terms. It is impor- 
tant only when attempting to compare 
test data with theoretical calculations. 


The correct use of the term ‘‘Equiva- 
lent Length’’ is of much greater impor- 
tance. The actual length of a valve or 
an elbow is negligible; however, the 
pressure drop through it will be equal 
to the drop through a substantial length 
of straight pipe. This is called the 
equivalent length of the valve or fitting. 
The equivalent length of the pipeline is 
thus the actual length plus the equiva- 
lent length of any valves and fittings or 
other restrictions in the line 


The correct use of the term ‘‘Equiva- 
lent Orifice Area’’ is also important. 
The orifice flow data is based on a near 
perfect orifice with a well rounded inlet. 
It is also based on a relatively small 
orifice with respect to pipe diameter so 
that the velocity of approach is negli- 
gible. Orifices actually used will gen- 
erally have square edge inlets. Further- 
more, the size and geometric location 
with respect to the pipe will vary. For 
this reason it is necessary to rate the 
nozzle orifice in terms of an equivalent 
diameter or area that matches the flow 
data. Thus the equivalent area may be 
smaller or even greater than the actual 
area, 


Conclusions 


To summarize, we now have sufficient 
information to design CO, distribution 
systems on a performance basis. The 
piping need not be balanced or symetri- 
cal with respect to branch lines. There 
is no need to apply flat limitations to 
the length of the pipeline. There is no 
need for empirical limitations on valve 
sizes and orifice areas. 


Those who must inspect and approve 
installations havea problem. If relative 





orifice areas and pipe sizes, as used in the 
past, do not tell the full story, just what 
are you going to inspect. I look for- 
ward to probable changes in the NFPA 
Standard for Carbon Dioxide Extinguish- 
ing Systems (NFPA No. 12). The list- 
ing laboratories will probably be testing 
components for new information such as 
the equivalent length of valves and the 
equivalent area of nozzle orifices. 


It has not been possible in this short 
article to cover all of the details relat- 
ing to piping design. Omitted are com- 
ments on such items as flow velocity 
effects and time for liquid to reach the 
discharge nozzles. This information 
will be made available to the NFPA 
Carbon Dioxide Committee and the 
listing laboratories for whatever use 
they may wish to make of it. 


Addendum 


The theoretical equation for the flow of satu- 
rated Liquid carbon dioxide in pipelines was not 
discussed for obvious reasons. For those who 
may be interested, one form of the equation is as 
follows: 

y= 3647 D®* Y 
L + 8.08 D!.%6 Z 


where Q = Flow rate in lbs./min. 
D = Inside pipe diameter in inches. 
L = Equivalent length of pipeline in feet. 


P, = Pressure in psia entering pipeline. 
Pressure in psia at the end of pipeline. 
p: = Density at pressure P; in lbs./cu. ft. 
p = Density at pressure P in lbs./ cu. ft. 
In = natural logarithm 


~ 
ll 


The Y and Z factors depend on storage pressure 
and must be evaluated for various reduced pres- 
sures. This is best done by graphical methods 
using thermodynamic tables to compute and plot 
curves of density versus pressure assuming free 
expansion as the pressure is reduced. Once the 
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Y and Z factors have been determined for a given 
storage pressure, the equation is relatively simple 
to use for plotting curves of flow rate versus ter- 
minal pressure or line pressure versus equivalent 


length. Y and Z factors for a storage pressure of 

300 psia are listed below. 
P x Z 
300 0 0 
290 603 0.12 
280 1138 0.24 
270 1613 0.36 
260 2033 0.48 
250 2406 0.60 
225 3163 0.90 
200 3723 1.20 
175 4137 1.50 
150 4443 1.80 
125 4670 eB 
100 4837 2.41 
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CENTRAL STATION SIGNALS, INC. 
53 West 23rd Street 

PROTECTION ALARMS, INCORPORATED 
725 West Main Street 

OWL PROTECTIVE CO., INC. 
120 No. Camac Street 


POTTER ELECTRIC SIGNAL & MFG. CO., INC. 
1211 Pine Street 


PACIFIC FIRE EXTINGUISHER CO. 
AMERICAN BURGLAR ALARM DIVISION 
165 Jessie Street 


FEDERAL ENGINEERING CO., INC. 
1004 Sixth Street, N.W. 
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FROM 
KIDDE! 


21/2-gallon 
pressurized water 


The easiest-to-operate portable fire 
extinguishers on the market today! 


Here, for the first time, is a practical, sensible design for pressurized 
water and loaded stream extinguishers. No inverting, no bumping, 
no valves to turn, no pins to pull (safety lock automatically releases 
when nozzle removed ). 


21/2-gallon 
anti-freeze 
(loaded stream) 





These two new stainless steel Kidde portables feature simple, one- 
two operation—just aim at fire and push the button. Notice the way 
the hose is stored, safely out of the way. Notice the wide-open 
handle—to insure fast action even in gloved hands. Notice the dust- 
and-waterproof pressure gauges—which show at a glance whether the 
units are fully charged. All of the features—plus the slim design and 
light weight of these Kidde portables—make them the easiest-to-store, 
easiest-to-carry, easiest-to-operate portables on the market today. 


Approved by Underwriters’ Laboratories. Available in pressurized 
water for fires in ordinary combustibles, or anti-freeze loaded stream 
for fires in ordinary combustibles and flammable liquids. For more 
information, write to Kidde today. 


Walter Kidde & Company, Inc. 


w\ 751 Main St., Belleville 9, N. J. 
Walter Kidde & Company of Canada Ltd., 


Montreal — Toronto — Vancouver 





U1 Ug 
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... essential for defense and 


space exploration 


...and often dependent, in 
production, on well-engineered 
systems for 

control of fire 


in flammable liquids. 


Another vital field served by 


NATIONAL FOAM System, Inc. 
West Chester, Pa. 
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NOTIFIER 


presents 


N-CO-BELL 
= ne 
Underwriters’ Laboratory Listed 


CREATED with IMAGINATION 
not IMITATION 


@ SUPERIOR © DIFFERENT 
@ COMPELLING 


N-Co-Bell’s controlled stroke provides su- 
perior gong vibration producing a distinc- 
tive and arresting sound. An unusually low 
amperage drain permits the use of 2 or 3 
times as many bells per ringing circuit as 
other bells, 







CONSIDER THESE FACTS - - - 
@ The 6 volts D.C. Bell draws only 0.14 ampere 
@ The 12-volts D.C. Bell draws only 0.07 ampere 


@ As many as 25 N-Co-Bells can be rung at less than 
2 amps 12 volts D.C. at the power source. 


CHARACTERISTICS 
All N-Co-Bells are underdome with handy- Sizes 6-8-10 and 12 inch 
mount features All size gongs interchangeable 
Either pig-tail or plug-in wiring connec- Numerous models—al! available for quick 
tions delivery 
Simple but effective ''O"' ring weather- Contactos type A.C. bells for parallel or 
proofing series operation are available in 12-24-48- 
Available in any normal A.C. or D.C. 120 and 220 volts A.C. 
voltage Underwriters’ Laboratories listed for both 


fire protection and electrical use. 


N-CO-BELLS mean ECONOMY 


You pay no more for a QUALITY N-CO-BELL than an ordinary bell. 
Compare our prices with other high quality bells. 


No extra charge for distinctive sound performance. 


Write for particulars * * * Order your sample 





3700 North 5éth St Lincoln, Nebraska 
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—=1' J HEAVY DUTY 
ALARM BELLS 


GONGS and 
BUZZERS 


Weatherproof 
Watertight 





Weatherproof — 3 TYPES OF 
Sizes 3”, 4”, 6”, 8”, 10”, 12” UNDERDOME BELLS 
DC—6—220 V. - AC—12—220 V. OPEN PIGTAIL* WEATHERPROOF*E-Z MOUNT 
Watertight — Sizes 6”, 8”, 10”. Cast aluminum housing 
Sizes 3”, 4”, 6”, 8”, 10”, 12” Hot Pressed Steel Gong Shell 


DC—6—220 Volt - AC—12—220 Volt} Single Stroke and Vibrating Types 
60 Cycles, 110—220 Volt, 25 Cycles | Voltages are the same as Neck Type 
Special Windings on request. 
Seal of approval by UNDERWRITERS’ LABORATORIES * FACTORY MUTUAL LABORATORY, INC. ° UNITED STATES COAST GUARD 


Write for Catalog Material and Prices! 


AUTOMATIC BATTERY CHARGER, '"*"""" 


Low Current 


The unit is designed for use on any storage bat- 
teries not subject to heavy drains. It will trickle 
charge the battery indefinitely because of its 
automatically decreasing rate of charge. 

For use with six cells (12 volts). Automatically controlled by satur- 
able reactor. Continuous output one ampere. 22.5 watts, 118 volts, 


60 cycles. 3% Regulation. 9” x 9” x 6” — 14 B & S gauge steel 
wall cabinet. 15% Ibs. U.L. Approved. No moving parts. 





Manufacturers of a complete line of 


CENTRAL OFFICE and LOCAL FIRE ALARM DEVICES 
* automatic alarm devices * sprinkler alarm and supervisory devices 
* burglar alarm devices and accessories. DYNALARM (sound detection 
for both reverberant and non-reverberant vaults). 


THE RE EVE ELECTRICAL CO., Inc. 


MODEL BC-12 





132 Lafayette Street, New York 13, N.Y. 
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“Worthy of Your Confidence!” 


Reliable Automatic Sprinkler Devices have been protecting life and 
property for more than 35 years. The practical design and rugged con- 
struction are universally approved and accepted by all Fire Insurance 
and Governmental Authorities. Reliable Automatic Sprinklers effect 
maximum reductions in fire insurance premiums. 


Reliable’s complete line provides a wide selection of Sprinkler 
Devices to meet any condition, including: Automatic and Open 
Sprinklers, Alarm Valves, Dry Pipe Valves, Accelerators, Electric 
Alarm Switches, Water Motors, and all Sprinkler System Accessories. 


Experienced Reliable Licensees are located throughout the United 
States, Canada, and foreign countries. They are expertly qualified to 
design and install a Reliable Sprinkler System for your specific needs. 


i: R ELIABLE AUTOMATIC SPRINKLER CO. INC. 





Ag 
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y Manufacturers of all kinds of approved devices used in Central Station Systems or x 
Class ‘A’ or Class ‘B’ Proprietary Fire Alarm Systems, either automatic or manual. ‘ 
x 

% 53 WEST 23rd STREET ... . . NEW YORK 10,N. Y. ‘ 

‘ Model PRS-1 
Sprinkler 
. Waterflow Alarm &% 
x 
; This device is approved % 
% by Factory Mutual Lab- ‘ 


oratories and Under- 
writers’ Laboratories, Inc. 


@ This device is also 
made as Model PRT-I, a 
coded waterflow trans- 
mitter. 





; 
? 
‘ 
2 


5-inch size shown above. To install simply drill 
2-inch hole in pipe. 


@ Also made in explosion proof models. 
@ Made in all sizes from 2!/2" to 8". 


Has instantly recycling pneumatic retarding device, preventing false alarms. 


@ Has enclosed electrical contacts for any voltage not exceeding I5 amp. 
125 volts, A.C. and '/2 amp. 125 volts, D.C, Operates on all water 
pressures or surges. 


Tempo-Set Model A 
Fire Detector 


Underwriters’ Laboratories, Inc. 
Approved. 


Self restoring and can be heat 
tested, 


@ Electrical contacts are silver or 
gold and are enclosed. 





@ Very reasonable price. 


Size is 15" x Ye" 


@ Tempo-set Model A is approved in either open or closed circuit and the 
temperature ratings are 135 and 200 degrees. 


@ Approved maximum distance between thermostats on smooth ceilings: 20 feet. 


@ Electric ratings are 125 volts | ampere, A.C. or 24 volts 0.5 ampere D.C. 
or less. 





PORDONLLOQOLLONNQOLLONLD QIK CQllLOL LOLS 


Oo 
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Offices 


Atlanta 
Birmingham 
Boston 

Chicago 
Cleveland 
Detroit 

Houston 

Kansas City, Mo. 
New Orleans 
New York 
Philadelphia 
Pittsburgh 

Salt Lake City 
San Francisco 
Seattle 

South Pasadena 


Tulsa 
Plants 


Birmingham 
Chicago 
Greenville, Pa. 
Houston 

New Castle, Del. 
Salt Lake City 


IN CANADA: 


Horton Steel 
Works Limited 


@ Chicago Bridge & lron Company 





Horton Tank Helps Realize 
$9,000 Insurance Saving 


An insurance saving of approximately $9,000 a year 
is realized through the installation of a sprinkler system 
and a Horton ellipsoidal bottom elevated steel tank. 

The sprinkler system protects the service wing of the 
$2,300,000 Service Center of Pennsylvania Electric 
Company, Erie, Pennsylvania. This Center serves a 
1,762-square mile area and consolidates all company 
activities formerly conducted in six different locations. 

The tank, 28 feet in diameter by 75 feet to the bottom 
capacity line, stores 100,000 gallons of water, of which 
75,000 gallons are reserved for fire protection and the 
balance used for domestic service. 
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“Vorec” 


FLAME 
ARRESTERS 


in combination with your 


VENT VALVES 








Flame Arrester Unit “Varec” Fig. No. 5800 Vent 

listed by Unit consisting of ‘“Varec” 

UNDERWRITERS’ LABORATORIES Conservation Vent Valve in 

Approved by Associated Factory Mutuals combination with ‘Varec” 
Laboratories and other governing agencies. Flame Arrester. 


The larger area of the multi-plate Flame Arrester 
bank, greater flow per minute through the Flame 
Arrester passageways are the "plus" factors to give 
you extra safety when you install Varec" Conserva- 
tion Vent Units. Protection against entry of flame 
through the venting device is certain when "Varec" 
Flame Arresters are used. Excessive pressure or 
vacuum is avoided by use of the "Varec"’ Vent Valve. 
The combination unit gives you complete security 
against the major hazards of flammable liquid stor- 
age yet average installation approximately |/10 of 
1% of your investment in tank and product. Consult 
our nearest ‘Varec" representatives or write 


actory. 

THE VAPOR RECOVERY 
SYSTEMS COMPANY 
2820 NORTH ALAMEDA STREET 


COMPTON, CALIFORNIA 
Cable Address: VAREC COMPTON CALIF. 
(U.S.A.) All Codes 


























it 
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When life 


is measured 
in minutes 


It only takes a minute — for dense clouds to billow 
from windows ... winds to whip flames into a roaring 
inferno... and tragedy to strike — all needlessly! For 
in those same minutes a Rockwood Sprinkler System 
can give you priceless protection from the fire. 

By actual records of the National Fire Protection 
Association there has never been a loss of life in a com- 
pletely sprinklered school. Sprinkler systems have been 
effective either in completely extinguishing the fire or 
holding it in check. These are facts. 

And facts are what insurance companies base their 
rates upon — that’s why you can save up to 80% on your 
fire insurance policy when your property is protected by 
sprinklers. And remember, you can have a system in- 
stalled on a deferred payment plan. Your insurance 
savings can pay a substantial part of the cost of the 
system. 

The Rockwood Sprinkler Company has a staff of 
scientifically trained fire-fighting experts that will be 
happy to meet you or your committee to give full in- 
formation and advice on how an engineered sprinkler 
system can save lives and property. Call the Rockwood 
fire engineer nearest you. 


ROCKWOOD SPRINKLER COMPANY 


Engineers Water . . . to Cut Fire Losses 


Tested and listed by Underwriters’ Laboratories, Inc. 


Boston, Mass. 

Phone: HAncock 6-6250 
Burra, N. Y. 

Phone: Cleveland 3233 
Cuarvotte, N. C. 
Phone: EDison 3-1094 
CuHicaco. ILL. 

Phone: WEbster 9-2507 
CINCINNATI. OHIO 
Phone: UNiversity 1-7415 
CLEVELAND, OHIO 

Phone: MAin 1-5086 
Detroit, MICH. 

Phone: WOodward 1-0679 
Granp Rapips, MICH. 
Phone: GLendale 9-3060 
Houston, TEXAS 

Phone: JAckson 8-0989 
INDIANAPOLIS, IND. 
Phone: MElrose 7-0303 
Kansas City, Mo. 
Phone: JEfferson 1-5799 
Los ANGELES, CALIF. 
Phone: PLeasant 9-9161 


MEMPHIS, TENN. 
Phone: JAckson 6-7856 


MILWAUKEE, Wis. 
Phone: FRanklin 2-0260 
MINNEAPOLIS, MINN, 
Phone: TAylor 17-3801 


MONTREAL. Qué., CANADA 
Phone: REgent 8-9476 
Newark. N. J. 
Phone: MArket 2-2085 
New ORLEANS, La. 
Phone: TWinbrook 7-2637 
TWinbrook 7-2633 
New York, N. Y. 
Phone: BEekman 3-2836 
MArket 2-2085 
OsHKOSH. WIsc. 
Phone: BEverly 1-1940 
BEverly 1-1941 
PHILA. (JENKINTOWN), Pa 
Phone: Livingston 8-5430 


Local 
TUrner 4-5063 
Long Dist. 
PHOENIX, ARIZ. 
Phone: ALpine 3-9709 
PITTSBURGH. PENN. 
Phone: LEhigh 1-1661 
San MATEO. CALIF. 
Phone: Diamond 2-7246 
Dlamond 2-7247 
SEATTLE, WASH. 
Phone: MUtual 2-1450 
MUtual 2-1451 


St. Louts. Mo. 
Phone: CEntral 1-3610-11 














One-tenth of a second after the solder 
melts on this Rockwood Sprinkler 
head, water sprays out to extinguish or 
control the fire — all automatically! 
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METALBESTOS 


PUTS ANOTHER PLANT ON ITS VENTING MAP 


All-fuel 
Chimney 
Section 


Gas Vent 
Pipe Length 








A significant addition to the Metalbestos marketing network, 
this new plant in Logan, Ohio, is scheduled for mid-1959 
completion. It follows closely on the heels of another 
production facility established last year: The Metalbestos 
Manufacturing Company in Brockville, Canada. 


At its new Ohio plant Metalbestos will manufacture a complete 
line of gas vent and all-fuel chimney products. The result will 
be to expedite distribution and service to eastern, southern 
and midwestern customers. 


In the words of William Wallace Company president, Alan Kinkead, 
“This is an important new link in our chain of plants, warehouses 
and factory representatives. It should materially assist those 
engaged in serving North America’s heating needs.”’ 


M1 ee : ST0S NASI Le), | 


WILLIAM WALLACE COMPANY - BELMONT, CALIF 
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“Vromatic spRinKite® 


{SYSTEMS 


Where there’s smoke... 


it’s almost certain one or more of the de- 
pendable, high-quality fire fighting prod- 
ucts... known by these famous brands... 
will be called upon to fight the fire! 

_ Consolidated under a single organiza- 
tion, these brands comprise the most 
complete line of competitively-priced fire 
protection products and services ever of- 
fered. This means you can guard against 
every fire risk by contacting a single 
source for all these products: approved 
fire extinguishers; automatic sprinkler 
systems; carbon dioxide, dry chemical and 
foam systems; fire hose, nozzles and cou- 


THE 
FYR-FYTER 
COMPANY 





vy 
plings; alarm systems; and fire department 
accessories including ladders, sirens, cloth- 
ing, breathing apparatus, first aid kits, etc. 

Representatives of this broad product 
line, with their depth of knowledge and 
experience in all industrial, commercial, 
institutional, municipal and household fire 
hazards, are uniquely qualified to survey, 
analyze and recommend the proper equip- 
ment for every fire protection requirement. 
To contact the representative nearest you, 
look in the yellow pages under “Fire Pro- 
tection Equipment” or write to: 


ATLANTIC COAST REGIONAL OFFICE 
P.O. Box 750, Newark 1, New Jersey 


CENTRAL STATES REGIONAL OFFICE 
221 Crane St., Dayton 2, Ohio 


PACIFIC COAST REGIONAL OFFICE 
132-140 Hawthorne St., San Francisco 7, Calif. 


BRANCHES: Atlanta, Baltimore, Boston, Chicago, Dallas, Dayton, Detroit, Los Angeles, New York, Newark, Philadelphia, 
Pittsburgh, Portland, Rochester, San Francisco, Seattle, Toronto (Ontario). Representatives and Distributors in all principal cities. 
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FIRE BARRIERS BY OVERLY ALLOW 
MORE TIME FOR SAFE EVACUATION 


To prevent the disastrous flash spread of fire, 
Overly has developed and obtained UL approval 
on a unique smoke screen fire door and frame 
assembly. Used to subdivide long corridors and sai 
enclose stairwells, the Overly smoke screen will SAFETY 
bar the progress of fire, smoke and heat for a mini- FOR 
mum of 45 minutes — more than ample time to 
permit safe exit. SCHOOLS 
Get the graphically illustrated story of how ade- 
quate fire barrier protection in your schools can 
save lives. Send for a free copy of the folder shown 
at right. Write us today. 


a A new eight-minute color film—Fire Barriers by 
Overly—is available for group showings. We shall be 
happy to arrange a presentation. 


OVERLY MANUFACTURING COMPANY 


GREENSBURG, PENNSYLVANIA ¢ LOS ANGELES 39, CALIFORNIA 
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TYPE FIRE | 
Above all else, M & H Fire Hydrants are reliable and 
dependable fire fighting equipment. They deliver when the 
need arises, if there is water in the mains. Their high flow 


efficiency is due to an unobstructed, large waterway which 
has the same diameter its entire length. 





Dry top, dry barrel when not in use, eliminates danger of 
damage by freezing. Operating parts are bronze or bronze 
bushed. Easy to lubricate. 


Manufactured according to A. W. W. A. standard specifications or 
Underwriters and Factory Mutuals approved; in conventional model, 
traffic model or flush-type model; sizes. 444, 414, 5%4 and 614. 
For complete information, address 


M:H VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 








UPRIGHT SPRAY SPRINKLER 
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STARGARD 


GIVES YOU MORE = FOUR WAYS 


APPROVED. BY ; 
FACTORY MUTUAL LABORATORIES 
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PENDENT SPRAY SPRINKLER 





SIDEWALL SPRINKLER 


LISTED BY 
UNDERWRITERS’ LABORATORIES, Inc. 





SMALL ORIFICE SPRINKLER 
(With Identifying Pintle) 


/ SUPERIOR PROTECTION .. . due to more efficient water distribution. 
Proven by tests under actual fire conditions for all classes of hazards. 


2 MORE EFFECTIVE USE OF LESS WATER .. . because wider distribu- 
tion and break-up of the water discharged provides greater cooling 
and extinguishment. 


3 CEILING PROTECTION BY COOLING — NOT WETTING ... All the 
water goes onto the fire. The break-up of water results in complete 
cooling and control of flammable vapors. 


44 MORE FIRE CONTROL WITH FEWER SPRINKLERS . . . because ceil- 
ing temperatures are kept lower, fewer sprinklers open. Immediate 
water saturation of the fire area prevents the spread of fire. Hot gases 
become impotent in the cooled atmosphere. 


STAR SPRINKLER CORPORATION 





Westmoreland & Collins Sts., Phila. 34, Pa. 


Licensees in principal cities of the United States and Canada 
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VICTAULIC 
COUPLINGS 


Styles 77, 77-D for standard applications. 
Simple, fast to install — sturdy and reliable. 
Sizes %” to 30”. Style 75 Light-Weight 
Couplings for light-duty applications. Sizes 
2” to 8”. Additional styles for cast iron, 
plastic and other pipes. Sizes through 60”. 


ae 










ROUST-A- 
BOUT COUPLINGS 


Style 99 for plain or beveled end pipe. 
Best engineered, most useful plain end joint 
on the market. Simple, husky — easy and 
fast to install. Takes strong bull-dog grip 
on pipe. Sizes 2” to 12”. 


VICTAULIC FULL- FLOW FITTINGS 


Complete line of Elbows, Tees, Reducers, 
Laterals, etc. — to fit all Victaulic Couplings. 
Streamlined for top efficiency, easy to install. 
Sizes %4” to 12”. 


APPROVED BY: 


Underwriters’ Laboratories, Inc. 
Factory Mutual 
New York City Board of Standards 
and Appeals, Cal. #413-53-SM. 


Proven for 28 years on both wet and dry Fire 
Protection Systems. Standard with most major 
sprinkler companies for bulk-run and cut-in 
piping. Victaulic Couplings are installed in 
less than one-half the time required for other 
standard pipe joints. 
THE "ASIEST WAY 
TO MAKE ENDS MEET 


VICTAULIC 


COMPANY OF AMERICA 
P.O. Box 509, Elizabeth, N. J. 









VIC-GROOVER 
TOOLS 


Handy, on-the-job grooving tools that do 
the job in half the time. Light weight, easy 
to handle — operate manually or from any 
power drive. Automatic groove position 
and depth. Sizes 34” to 8”. 
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GRIMES abn 


SUPER ACCELERATOR 



















soi ALL BRONZE 
UP DRY EASY TO 
PIPE INSTALL 
VALVE SIMPLE TO 
OPERATION SERVICE 





FIRE SPRINKLER SYSTEMS AND 
EQUIPMENT 


Engineered for better protection 


ALARM VALVES RETARD CHAMBERS 
WATER MOTORS CIRCUIT CLOSERS 
VALVE DEVICES EMERGENCY CABINETS 
DRY PIPE VALVES TRIMMINGS 


SPRINKLERS — ALL TYPES AND FINISHES 


WATCH FOR ANNOUNCEMENT OF THE NEW GRIMES MODEL B DRY PIPE VALVE. 


Write Now for Descriptive Literature. 


Grimes Devices are approved by all In- 
surance Interests. SPRINKLER DIVISION 


There is a Grimes Licensed Representative 
near you who is equipped to design and 
install a fire sprinkler system to meet your 
specific needs. 











RAISLER CORPORATION, 750 Third Ave., New York 17 


Licensees in all principal cities in the United States and Canada 
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SAFER 


liquid handling 
for Industry 


THIS NEW TOKHEIM HAND PUMP contributes 

to safer handling of volatile liquids wherever used. Stops 
wasteful dripping and slippery floors. Reduces fire 
hazard and accidents common 
to other methods of liquid 
transfer. Approved for 
handling petroleum liquids 
—ideal for many others. 
Available in 22 different 
models for ’most any use— 
from pipe lines to drums, 
or underground tanks, with 
hose or spout outlets. 
Order from your dealer, 
your oil company, or your 
Tokheim representative. 


Write factory for literature. 






CrCTany 


HIGH VACUUM 


HAND PUMPS 


General Products Division 
TOKHEIM CORPORATION 
DESIGNERS AND BUILDERS OF SUPERIOR EQUIPMENT SINCE 1901 
1686 WABASH AVENUE FORT WAYNE, INDIANA 








Subsidiaries: Tokheim International, A. G., Lucerne, Switzerland; 
GenPro Inc., Shelbyville, Indiana; Tokheim of Canada, Ltd., Toronto, Ontario 
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IN FIRE EMERGENCIES 





f 
r t f 
ant r 

A ¢ t ie 
C até fire fighting te 

trair i if ‘ 

€ ’ ice 4 ; tio 
YOu re ve thoroug fire yt tio 
5 € yf y¢ pla al aid 
to make your employees fir 
prevention conscious Tr 3ined mer 


fire prevention planning—plus Ansu 


fire extinguishing eq 
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Kuhns 
ductile iron 


a ee 
fittings 
For Sprinkler Systems 


Kuhns ductile iron pipe fittings—the newest development in piping— provide 
an extra margin of operating safety for sprinklers, high pressure lines and 
other vital piping systems. High structural strength and resistance to thermal 
shock help these fittings prevent leakage caused by vibration, temperature 
changes or misalignment. 


SS “K” Pipe Lock Couplings 


Listed for 800 psi by Underwriters’ Laboratories, 
Inc., these couplings have a safety factor of five 
times the UL listing for 212” through 6” and four 
times UL listing for 8”. Sizes: 2%” through 8”. 
Look for the “800 D” on each. 


‘“K”’ Flanges and Flanged Fittings 


Pressure rating, 500 psi by Underwriters’ Labora- 
tories, Inc. for elbows, base elbows, 45° elbows, side 
outlet elbows, tees, side outlet tees, and reducers in 
straight and reducing sizes. Flat faced flanges stand- 
ard. Extra heavy flange dimensions and raised faces 
available. Look for the “DI 500” on each. 
Complete range of sizes through 12”. 


*Ductile iron fit- 













“K’’ Screwed Fittings * 


Pressure ratings listed by 
Underwriters’ Laboratories, Inc. 


STEAM AND OIL AT 550°F 


Wa Rg mie sical erica 300 Ibs. 
LIQUID AND GAS AT 150°F 

AO PONS cs ce areas 2000 Ibs. 
Be GC 2 oscvoistoraraiens 1500 Ibs. 
AE NA 8 aioe ea ets 1000 Ibs. 


tings are avail- 
able in any size 
in Kuhns complete 
cast iron line, 4” 
through 12”. 


Note: These fit- 
tings are excellent 
for liquefied pe- 
troleum gas sys- 
tems. Look for the 
“DI 300” on each. 


Send for our catalog or contact your wholesaler. 


THE KUHNS BROTHERS CO. 


1800 McCALL STREET, DAYTON, OHIO 
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INCOMBUSTIBLE CEILING TILE 
. and they're ALL"by CELOTEX”! 


Here are just 7 examples of tile used in 
“Ceilings by Celotex” that meet building 
code requirements for incombustibility. 


ALL ARE U.L. LISTED 
A.— CELOTONE® 


Fissured Mineral Fiber Tile 


B.— STRIATONE* 
Striated Mineral Fiber Tile 


Cc.—STANDARD PERFORATED 
Mineral Fiber Tile 


D.—RANDOM PERFORATED 


Mineral Fiber Tile 


E.—NEW RANDOM DESIGN 
Perforated Mineral Fiber Tile 
F.—CAVITY TILE 
U.S. PAT. NO. 2838806 


G.— SUPRACOUSTIC* 
Glass Fiber Panels 
*Trade Mark 








Acoust-Cetotex 


REGISTERE U.S. PAT, OFF, 


Sound Corll 


Products to Meet Every Building Code 
THE CELOTEX CORPORATION ¢ CHICAGO 3, ILLINOIS 
In Canada: Dominion Sound Equipments, Ltd., Montreal, Quebec 
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FIRE ALARM! 





n 

g 
1. Save priceless lives, protect valuable 2. This automatic detecting and warn- 
buildings with the Kidde Atmo Fire ing system sounds an alarm instantly 
Detecting and Alarm System! at the first hot breath of fire! 

> 





3. Using rate-of-temperature-rise tub- 4, Kidde’s Atmo system can sound 
ing as a sensing element, the system alarm at fire area, outside the building 
works without outside power! or at local fire department station! 


Kidde Atmo 


KIDDE ULTRASONIC & 
DETECTION ALARMS, INC. 
751 Brighton Road,Clifton,N. J. 








A Subsidiary of 
ray . oe ‘ ie Walter Kidde & Company, Inc. 
5. Kidde’s Atmo system also gives fire Belleville 9, N. J. 


location at a panel near any manned 
telephone switchboard! 








| fast, dependable fire detection and warning, install a 
Kidde Atmo Fire Alarm System. Ideal where life protection 


and early fire warning is essential, the Kidde Atmo system can 
also close doors, shut off fans, motors, blowers, is automatically 
re-setting after use or test. Get more information! Write today 
and ask for Kidde’s Atmo Alarm Systems booklet! 
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Automatic Rolling Steel 


FIRE DOORS amd WINDOW SHUTTERS 
PREVENT SPREAD of FIRE, 


ms 
ata 


mbt sisic8, sl 


Above: Typical Mahon Automatic Rolling 





You need good automatic fire doors in fire walls, corridors, and 
vertical shafts . . . in some cases automatic rolling steel window 
shutters are necessary to protect your building and its contents from 
fires which may originate in nearby buildings. Many, many cases are 
on file which confirm that timely action of automatic rolling steel fire 
doors and window shutters have confined a fire to its point of origin 
and permitted its being extinguished with comparatively small 
damage. Make a survey of your building now, and don't delay 
action. You will find a Mahon Automatic Rolling Steel Fire Door or 
Window Shutter to meet each of your requirements—all bear the 
Underwriters’ Label. These automatic fire doors may be operated 
manually or mechanically in every day use. If a fire should break out 
while they are in the open position, the automatic mechanism will 
close the door, cutting off drafts and preventing the spread of the fire. 
See Sweet's Files for complete information, or write for Catalog G-59. 


THE R. C. MAHON COMPANY ¢ Detroit 34, Michigan 
Branch Offices in New York and Chicago « Representatives in Principal Cities 
Manufacturers of Standard and Underwriters’ Labeled Automatic Rolling Steel 
Fire Doors and Window Shutters; Underwriters’ Rated Metalclad Fire Walls; 
Insulated Metal Curtain Walls; Electrified M-Floors; Steel Roof Deck; 
Acoustical Long Span M-Decks; and Acoustical and Troffer Forms. 


Steel Fire Shutter. At Right: Mahon Auto- 
matic Rolling Steel Fire Door Installed 
in a Dividing Fire Wall in o Bus Garage. 


ROLLING STEEL 


FIRE DOORS and 
WINDOW SHUTTERS 











QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION 


Couple Pipe 
the Easy, 
Low Cost Way with 


New G-B GRUVAJOINTS 


Now you can save up to 25% when 
connecting pipe for bulk runs and risers. 
Yes, contractors are saving money every day 
when they use new lightweight Gruvajoints. 
There’s no flanging, no threading, no welding, 
and there’s no need for heavy chain tongs 

or pipe wrenches. Gruvajoints are truly 

the modern way to couple pipe. Write today 
for free illustrated brochure on G-B Pipe 
Coupling Products. Gruvajoints are now avail- 
able in 2”, 242", 3”, 4”, 5", 6” and 8” sizes. 


SOULIIOIOU SOE 
ra ) 


se LISTED by AN 

Sg Underwriters’ Laboratories, Inc. & 

as File EX 1741A and B > 
APPROVED by b= 


Ks 
S Factory Mutual Engineering Division 
aS Report Serial No. 13097 


i 
AAA AQAA RAL 


manufacturing company 
210 W. 10th St. Kansas City, Missouri 
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Install Gruvajoints 
in three easy steps 


fg 2 


Grease gasket and cen- 
ter over pipe ends. 





Lay housing halves into 
grooves and insert bolts. 





Tighten the two nuts 
equally. 
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call the nearest Viking Representative 


ATLANTA — Crawford & Slaten Co. 
BOSTON — Viking Automatic Sprin- 
kler Co. BUFFALO — Viking Auto- 
matic Sprinklers, Inc. CHICAGO, 
MILWAUKEE — Viking Automatic 
Sprinkler Co. CINCINNATI, CLEVE- 
LAND, INDIANAPOLIS, LOUISVILLE — 
Viking Sprinkler Co. DALLAS, HOUS- 
TON, JACKSON (Miss.), MEMPHIS, NEW 
ORLEANS, SAN ANTONIO, FT. SMITH — 
Texas Automatic Sprinkler Corp. 
DETROIT — Viking Sprinkler Co. 
GRAND RAPIDS — Viking Sprinkler 
Co. of Western Mich. HIGH POINT, 
N. C. — Viking Sprinkler Co. HUNT- 
INGTON, W. VA. — C. W. Hutchin- 
son, Inc. DECATUR (lill.), DENVER, 


> corporation 


HASTINGS, MICHIGAN 


KANSAS CITY (Kan.), OMAHA, SAINT 
LOUIS, WICHITA — Walton Viking 
Co. LOS ANGELES, SAN FRANCISCO, 
PHOENIX — California Viking Sprin- 
kler Co. HILLSIDE (N. J.), NEW YORK, 
MANCHESTER (Conn.) — Viking 
Sprinkler Co. PHILADELPHIA, WASH- 
INGTON (D. C.) — Viking Sprinkler 
Co. PORTLAND (Ore.), SEATTLE, VAN- 
COUVER (B. C.) — Viking Automatic 
Sprinkler Co. ST. PAUL, MINNEAPOLIS 
— Hudson Viking Sprinkler Co. 
TAMPA — Florida Fire Sprinklers, 
Inc. TORONTO (Ont.) — Viking Auto- 
matic Sprinklers, (Canada) Ltd. 
HASTINGS, (Mich.) — The Viking 
Corporation. 
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VAN-PACKER 


MODEL HT 


SMOKESTACK 
now listed by 
UNDERWRITERS’ 
LABORATORIES 


Wherever you see a Van-Packer Model 
HT Prefabricated Refractory Smoke- 
stack specified for boilers, furnaces and 
incinerators, you can be sure it will give 
safe and reliable service. Van-Packer 
Model HT Smokestacks meet the high 
standards required to earn listing by 
Underwriters’ Laboratories, Inc. 


Write for data on Underwriters’ Laboratories 
listing of Van-Packer Model HT Smokestack 


VAN-PAGKER, 


Division of: 


I. Manufacturers of 
FLINTKOTE Diversified Products 


ww” for Home and Industry 


VAN-PACKER CO., 1232 McKinley Ave. 
Chicago Heights, Ill. e SKyline 4-4772 


In the West: Pioneer Division, The Flintkote Company, 
P. O. Box 2218, Terminal Annex, Los Angeles, Calif. 


In Toronto, Ontario: The Flintkote Company of Canada, Ltd. 
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Send For This FREE Catalog! 


. . . 28-page illustrated booklet contains factual 

information on methods of fire detection, fire 

CU MCL MMM Cue CaN 
ABOUT 


P’SPECIAL HAZARD | 


FIRE PROTECTION 


Uulemulic Sprinkler 


CORPORATION OF AMERICA 


Offices in Principal Cities of North and South America 


“AUTOMATIC” SPRINKLER CORPORATION OF AMERICA 
Dept. S.H. — Box 360 — Youngstown 1, Ohio 
Please furnish me with a copy of your Catalog 73— 


“Engineered SPECIAL HAZARD Fire Protection.” 


| ae 
RENIN capes Sau cco coecwas resect conve cssanenspsncvyont ete moaeeeercauee 
Address 
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dependability 
into interior 
FIRE ALARM 
systems! 


You can provide today’s best fire alarm 
protection for any industrial, commercial, 
or institutional building with a Gamewell 
FLEXALARM System. Thoroughly pre-engi- 
neered by the fire-protection professionals 
who developed the familiar “pull’’ fire 
alarm box, it assures the same unmatched 
efficiency and dependability inside build- 
ings. 

Precisely tailored to each installation, 
FLEXALARNM is available as a coded or non- 
coded system, semi or completely auto- 
matic, with practically limitless possible 
combinations of annunciators, special drill, 
test, and alarm features. For example, it 
can be tied into the municipal alarm sys- 
tem at the curb; integrated with the sprin- 
kler system; or automatic fire detection 
devices. 

FLEXALARNM is designed for unit-by-unit 
expansion depending on specific life haz- 
ards, fire defense plans and the growth of 
your plant. It’s simple to specify, easy to 
install, efficient and economical. Gamewell 
will be happy to assist with fire detection 
engineering of new construction, exnan- 
sion, or modernization, if desired. It’s a 
service that gives you the benefit of over 
100 years’ experience with fire protection 
systems. Specify Gamewell . . . single 
source for engineering assistance and com- 
plete product line . . . maximum protec- 
tion at minimum cost. Write THE 
GAMEWELL ComPANy, Dept. 12B, Newton 
Upper Falls 64, Mass. 


| Garewal 


FIRST...WHEN SECONDS COUNT 





Grinnell water spray system controls 


ULM SME LM a LOM UCTS rT 
Fit el 


Proper safeguards are uppermost in 
importance in protecting tanks which 
contain gases and flammable liquids in 
the event of fire. For example, tanks 
must be guarded against extreme heat 
exposure. Leaking gas, if it should de- 
velop, must be diluted to the point where 
it will not burn. And fire, if it should 
occur, must be localized and controlled 
or extinguished without needless delay. 
With a Grinnell Water Spray System, 
you get protection against all these 
different kinds of eventualities. 


Before heat raises tank temperatures 
dangerously, an enveloping spray of 
water provides instant cooling, reducing 


internal pressure which helps prevent 
rupture. In addition, air turbulence is 
created (even in still air) ‘which, in con- 
junction with the water vapor from the 
spray, helps dilute the flammable vapors 
controlling or extinguishing the fire. 
Flammable products which cannot be | 
safely extinguished can be burned off 
under the protecting water spray with 
no damage to protected equipment which 
might be located near at hand. 


There is a Grinnell Fire Protection Sys- 
tem for every fire hazard. Call on Grinnell 
for advice about the one suited to your 


needs, Grinnell Company, 277 West 
Exchange Street, Providence 1, R. I. 


GRINNELL 


FIRE PROTECTION SYSTEMS SINCE 1870 








